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THE FISH FAUNA OF JAPAN, WITH OBSER- 
VATIONS ON THE GEOGRAPHICAL 
DISTRIBUTION OF FISHES.* 


THE JAPANESE FISH FAUNA, 


THE group of islands which constitute the 
empire of Japan is remarkable for the rich- 
ness Of its animal life. Its variety in cli- 
matic and other conditions, its nearness 
to the great continent of Asia and to the 
chief center of marine life, the East In- 
dian Islands, its relation to the warm Black 
current or Kuro Shiwo from the south and 
to the cold currents from the north, all tend 
to give variety and richness to the fauna of 
its seas. Especially is this true in the 
group of fishes. In spite of the political 
isolation of the Japanese Empire, this fact 
has been long recognized and the character- 
istic types of Japanese fishes have been well 
known to naturalists. 


NUMBERS OF SPECIES OF JAPANESE FISHES. 


At present about 900 species of fishes are 
known from the four great islands which 
constitute Japan proper, Hondo, Hokkaido, 
Kiusiu and Shikoku. About 200 others are 
known from the volcanic islands to the 
north and south. Of these 1,100 species, 
about fifty belong to the fresh waters. 
These are all closely allied to forms found 


* Address to the Section of Zoology, Denver Meet- 
ing, 1901. 
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on the mainland of Asia, from which region 
all of them were originally derived. 


FRESH-WATER FAUNAL AREAS. 

Two faunal areas of fresh waters may be 
fairly distinguished, although broadly over- 
lapping. ‘The northern region includes the 
island of Hokkaido and the middle and 
northern part of the great island of Hondo. 
In a rough way, itssouthern boundary may 
be defined by Fuji Yama and the Bay of 
Matsushima. It is characterized by the 
presence of salmon, trout and sculpins, and 
northward by sturgeon and brook-lampreys. 
The southern area loses by degrees the 
trout and other northern fishes, while in 
its clear waters abound various minnows, 
gobies and the famous ayu, or Japanese 
dwarf salmon, one of the most delicate of 
food fishes. Sculpins and lampreys give 
glace to minnows, loaches and chubs. 
Two genera, a sculpin* and a perch,? are 
confined to this region and seem to have 
originated in it, but like the other species, 
form a Chinese stock. 


ORIGIN OF JAPANESE FRESH-WATER FISHES. 


The question of the origin of the Japan- 
ese river fauna seems very simple. All 
the types are Asiatic. While most of the 
Japanese species are distinct, their ances- 
tors must have been estrays from the main- 
land. To what extent river fishes may be 
carried from place to place by currents of 
salt water never been ascertained. 
One of the most widely distributed of 
Japanese river fishes is the large hakone 
dace or chub. {| This has been repeatedly 
taken by us in the sea at a distance from 
It would evidently survive a 
long journey in salt water. An allied 
species § is found in the midway island of 
Tsushima, between Korea and Japan. 


has 


any stream. 


* Trachidermis. 
| Bryttosus. 
+ Leuciscus hakuensis Giinther. 


, Leuciscus jouyi. 
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FAUNAL AREAS OF MARINE FISHES, 


The distribution of the marine fishes of 
Japan is mainly controlled by the tempera- 
ture of the waters and the motion of the 
ocean currents. Five faunal areas may be 
more or less clearly recognized, and these 
may receive names indicating their scope, 
Kurile, Hokkaido, Nippon, Kiusiu, Kuro 
Shiwo and Riu Kiu. The first or Kurile 
district is frankly sub-Arctie, containing 
species characteristic of the Ochotsk Sea 
on the one hand, and of Alaska on the 
other. The second or Hokkaido* 
trict includes this northern island and that 
part of the shore of the main island of 
Hondo} which lies to the north of Mat- 
sushima and Noto. Here the cold north- 
ern currents favor the development of a 
northern fauna. The herring and the sal- 
mon occupy here the same economic rela- 
tion as in Norway, Scotland, Newfound- 
land and British Columbia. Sculpins, 
blennies, rockfish and flounders abound 
off the rocky shores and are seen in all the 
markets. 

South of Matsushima Bay and through 
the Inland Sea as far as Kobe, the Nippon 
fauna is distinctly one of the temperate 
zone. Most of the types characteristically 
Japanese belong here, abounding in the 
sandy bays and about the rocky islands. 

About the islands of Kiusiu and Shikoku, 
the semi-tropical elements increase in num- 
ber and the Kiusiu fauna is less character- 
istically Japanese, having much in common 
with the neighboring shores of China, while 
some of the species range northward from 
India and Java. But these faunal districts 
have no sharp barriers. Northern Ashes, 
unquestionably of Alaskan origin, range as 
far south as Nagasaki, while certain semi- 


dis- 


* Formerly, but no longer, called Yeso in Japan. 

+Called Nippon on foreign maps, but not so in 
Japan. where Nippon means the whole empire. 

t Pleuronichthys cornutus; Hexagrammos  otakii ; 
Ozorthe hexagramma, etc. 
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tropical * types extend their range north- 
ward to Hakodate and Volcano Bay. The 
Inland Sea, which in a sense bounds the 
southern fauna, serves at the same time as 
a means Ofits extension. While each species 
has a fairly definite northern or southern 
limit, the boundaries of a faunal district as 
a whole must be stated in the most general 
terms. 

The well-known boundary called Blackis- 
ton’s Line, which passes through the Straits 
of Tsugaru, between the two great islands 
of Hondo and Hokkaido, marks the north- 
ern boundary of monkeys, pheasants and 
most tropical and semi-tropical birds and 
mammals of Japan. But as to the fishes, 
either marine or fresh water, this line has 
no significance. The northern fresh-water 
species probably readily cross it ; the south- 
ern rarely reach it, 

We may define as a fourth faunal area 
that of the Kuro Shiwo district itself, which 
is distinctly tropical and contrasts strongly 
with that of the inshore bays behind it. 
This warm ‘ Black Current,’ analogous to 
our Gulf Stream, has its origin in part from 
areturn current from the east, which passes 
westward through Hawaii, in part from a 
current which passes between Celebes and 
New Guinea. It moves northward by way 
of Luzon and Formosa, touching the east 
shores of the Japanese islands Kiusiu and 
Shikoku, to the main island of Hondo, 
flooding the bays of Kagoshima and Kochi, 
of Waka, Suruga and Sagami. The 
projecting headlands reach out into it 
and the fauna of their rock pools is dis- 
tinetly tropical, as far to the northward as 
Tokio. 

These promontories of Hondo, Waka, 
Ise, Izu, Misaki and Awa have essentially 
the same types of fishes as are found on the 
reefs of tropical Polynesia. The warmth 
of the off-shore currents gives the fauna of 


* As Halichoeres, Tetrapturus, Callionymus, Aris- 
copus, ete. 
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Misaki its astonishing richness, and the 
wealth of life is by no means confined to 
the fishes. Corals, crustaceans, worms 
and molluses show the same generous pro- 
fusion of species. 

A fifth faunal area, closely related to 
that of the Black Current, is formed by the 
voleanic and coral reefs of the Riu Kiu 
Archipelago. This fauna,so far as known, 
is essentially East-Indian, the genera and 
most of the species being entirely identical 
with those of the islands about Java and 
Celebes. 


RESEMBLANCE OF THE JAPANESE AND 
MEDITERRANEAN FISH FAUNAS. 


It has been noted by Dr. Ginther that 
the fish fauna of Japan bears a marked 
resemblance to that of the Mediterranean. 
This likeness is shown in the actual identity 
of genera and species, and in their relation 
to each other. This resemblance he pro- 
poses to explain by the hypothesis that, at 
some recent period, the two regions, Japan 
and the Mediterranean, have been united 
by a continuous shore-line. The far-reach- 
ing character of this hypothesis demands 
a careful examination of the data on which 
it rests. 

The resemblance of the two faunal areas, 
so far as fishes are concerned, may be stated 
as follows: There are certain genera* of 
shore fishes, tropical or semi-tropical, com- 
mon to the Mediterranean and Japan, and 
wanting to California, Panama and the 
West Indies, and in most cases to Poly- 
nesia also. Besides these, certain others, 
found in deeper water (100 to 200 fathoms) 
are common to the two areas,} and have 
been rarely taken elsewhere. 


* Of these, the principal ones are Oxrystomus, Myrus, 
Pagrus, Sparus, Macrorhamphosus, Cepola, Callionymus, 
Zeus, Uranoscopus, Lepidotrigla, Chelidonichthys. 

+ Among these are Beryx, Helicolenus, Lotella, Net- 
tastoma, Centrolophus, Hoplostethus, Aulopus, Chloroph- 
thalmus, Lophotes. 
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SIGNIFICANCE OF RESEMBLANCE. 

The significance of these facts can be 
shown only by a fuller analysis of the fauna 
in question, and those of other tropical and 
semi-tropical waters. If the resemblances 
are merely casual, or if the resemblances 
are shown by other regions, the hypothesis 
of shore continuity would be unnecessary 
or untenable. It is tenable if the resem- 
blances are so great as to be accounted for 
in no other way. 

Of the genera regarded as common, only 
two* or three are represented in the two 
regions by identical species, and these have 
a very wide distribution in the warm seas. 
Of the others, nearly all range to India, to 
the Cape of Good Hope, to Australia or to 
Brazil. They may have ranged farther in 
the past; they may even range farther at 
present. At the most, but two7y are con- 
fined to the two districts in question. 
As equally great resemblances exist between 
Japan and Australia or Japan and the 
West Indies, the case is not self-evident, 
without fuller comparison. I shall, there- 
fore, ask your attention to a somewhat 
fuller analysis of the evidence bearing on 
this and similar problems, with a view to 
the conclusions which may be legitimately 
drawn from the facts of fish distribution. 


BETWEEN JAPANESE 
FISH FAUNAS, 


DIFFERENCES AND 
MEDITERRANEAN 

We may first, after admitting the alleged 
resemblances and others, note that differ- 
ences are equally marked. In each region 
are a certain number of genera which we 
may as autochthonous. ‘These 
genera are represented by many species or 
by many individuals in the region of their 
supposed origin, but are more scantily de- 
veloped elsewhere. Such genera in Mediter- 
ranean waters are Orenilabrus, Labrus, Spi- 
cara, Pagellus, Mullus, Boopis, Spondylosoma, 
Hoplostethus 


consider 


and 


* Beryz, 
phosus. 
+ Lepadogaster, Myrus. 


perhaps Macrorham- 
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Oblata. Noneof these occurs in Japan nor 
have they any near relatives there. Jap- 
anese autochthonous types, as Pseudoblen- 
nius, Duymeria, Anoplus, Histiopterus, Mono- 
centrus, Oplegnathus, Plecoglossus, range south- 
ward to the Indies or to Australia, but al] 
of them are totally unknown to the Med- 
iterranean. The multifarious genera of 
Gobies of Japan show very little resem- 
blance to the Mediterranean fishes of this 
family, while blennies, labroids, scaroids 
and scorpzenoids are equally diverse in their 
forms and alliances. To the same extent 
that likeness in faunz is produced by con- 
tinuity of means of dispersion, is it true 
that unlikeness is due to breaks in con- 
tinuity. Such a break in continuity of 
coast-line, in the present case, is the Isth- 
mus of Suez, and the unlikeness in the fau- 
nas is about what such a barrier should pro- 
duce. 


SOURCES OF FAUNAL RESEMBLANCES, 


There are two main sources of faunal 
resemblances ; first, the absence of barriers 
permitting the actual mingling of the spe- 
cies ; second, the likeness of temperature 
and shore configuration favoring the de- 
velopment of the same or analogous types. 
If the fish faunz of different regions have 
mingled in recent times, the fact would be 
shown by the presence of the same species 
in each region. If the union were of a 
remote date, the species would be changed, 
but the genera might remain identical. 

In case of close physical resemblances in 
different regions, as in the East Indies and 
West Indies, like conditions would favor 
the lodgment of like types, but the resem- 
blance would be general, the genera and 
species being unlike. Without doubt, part 
of the resemblance between Japan and the 
Mediterranean is due to similarity of tem- 
perature and shores. Is that which re- 
mains sufficient to demand the hypothesis 
of a former shore-line connection ? 
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EFFECTS OF DIRECTION OF SHORE LINE. 


We may first note that a continuous 
shore-line produces a mingling of fish- 
faunas only when not interrupted by bar- 
riers due to climate. A north and south 
coast-line, like that of the East Pacific, 
however unbroken, permits great faunal 
differences. It is crossed by the different 
zones of temperature. An east and west 
shore-line lies in the same temperature. 
In all cases of the kind which now exist on 
the earth (the Mediterranean, the Gulf of 
Mexico, the Caribbean Sea, the shores of 
India), even species will extend their range 
as far as the shore-line goes. The obvious 
reason is because such a shore-line rarely 
offers any important barrier to distribu- 
tion, checking dispersion of species. 
may, therefore, consider the age and nature 
of the Isthmus of Suez and the character of 
the faunas it separates. 


NUMBERS OF GENERA IN DIFFERENT FAUNAS. 


For our purposes, the genera must be 
rigidly defined, a separate name being used 
in case of each definable difference in struc- 
ture. The wide-ranging genera of the 
earlier systematists were practically cosmo- 
politan, and their distribution teaches us 
little. Using the modern definition of 
genus, we find in Japan 483 genera of ma- 
rine fishes ; in the Red Sea, 225; in the Med- 
iterranean, 231. In New Zealand 150 are 
recorded ; in Hawaii, 171; 357 from the 
West Indies, 187 from the Pacific coast of 
tropical America, 300 from India, 450 from 
the East-Indian islands and 427 from Aus- 
tralia. 

Of the 483 genera ascribed to Japan, 156 
are common to the Mediterranean also, 188 
to the West Indies and Japan, 169 to the 
Pacifie coast of the United States and 
Mexico. With Hawaii Japan shares 90 
genera, with New Zealand 62; 204 are 
common to Japan and India, 148 to Japan 
and the Red Sea, most of these being found 
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in India also. 200 genera are common to 
Japan and Australia. 


AFFINITIES OF JAPANESE FAUNA. 


From this, it is evident that Japan and 
the Mediterranean have much in common, 
but apparently not more than Japan shares 
with other tropical regions. Japan natur- 
ally shows most likeness to India, and next 
to this to the Red Sea. Proportionately 
less is the resemblance to Australia, and 
the likeness to the Mediterranean seems 
much the same as that to the West Indies, 
or to the Pacific coast of America. 

But, to make these comparisons just and 
effective, we should consider not the fish 
fauna as a whole; we should limit our dis- 
cussion solely to the forms of equatorial 
origin. From the fauna of Japan we may 
eliminate all the genera of Alaskan-Aleu- 
tian origin, as these could not be found in 
the other regions under comparison. We 
should eliminate all pelagic and all deep- 
sea forms, for the laws which govern the 
distribution of these are very different 
from those controlling the shore fishes, and 
most of the genera have reached a kind 
of equilibrium over the world. 


SIGNIFICANCE OF RARE FORMS. 


We may note also, as a source of confu- 
sion in our investigation, that numerous 
forms found in Japan and elsewhere are 
very rarely taken, and their real distribu- 
tion is unknown. Some of these will be 


- found to have, in some unexpected quarter, 


their real center of dispersion. In fact, 
since these pages were written, I have taken 
in Hawaii representatives of three* genera 
which I had enumerated as belonging chiefly 
to Japan and the West Indies. Such species 
may inhabit oceanic plateaus, and find many 
halting places in their circuit of the tropical 
oceans. We have already discovered that 


* Antigonia, Etelis, Emmelichthys. 
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Madeira, St. Helena, Ascension and other 
islands constitute halting 
places. We shall find many more such, 
when the deeper shore regions are explored, 
the region between market-fishing and the 
deep-sea dredgings of the Challenger and 
the Albatross. 
these forms are verging on extinction and a 
former vide distribution has given place to 


voleanie such 


In some cases, no doubt, 


isolatea colonies. 

The following table shows the contents, 
so far as genera are concerned, of those 
equatorial areas in which trustworthy cata- 
logues of species are accessible. It includes 
only those fishes, of stationary habit, living 
in less than 200 fathoms. It goes without 
saying that considerable latitude must be 
given to these figures, to allow for errors, 
omissions, uncertainties and differences of 


opinion. 


DISTRIBUTION OF SHORE FISHES. 


A. Japan and the Mediterranean, 


Genera * chiefly confined to these regions. 2 


Genera of wide distribution...............++ 77 
Total of common genera. ...............+++ 79 
Total in both regions........ ....c.cesseees 399 

Genera above included, found in all equa- 
Sorte PRION. ccnccastvicecinssinehbebsenteacie 55 

Generat found in most equatorial re- 
EID occ1vesws suepeaiibebeentecvimababenes Sevens 11 

Genera more or less restricted............... 13 

79 


B. Japan and the Red Sea. 


Genera { chiefly confined to these two re- 


PAGEB. 000 voce cenecessnampasesennedbeubetecdsscese 2 
Genera of wide distribution................. 109 
Total genera COMMON. ...........+..eeeeeee 111 
Total in both regions. ................000+: 424 


* Lepadogaster, Myrus ; Lophotes, thus far recorded 
from Japan, the Mediterranean and the Cape of Good 
Hope is bassalian and of unknown range. JBeryz, 
Trachichthys, Hoplostethus, ete., are virtually cosmo- 
politan as well as semi-bassalian. 

t In this group we must place Cepola, Callionymus, 
Pagrus, Sparus, Beryx, Zeus, all of which have a very 
wide range in Indian waters. 

t Cryptocentrus, Asterropteryx. The range of neither 
of these genera of small shore fishes is yet well known. 
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C. Japan and Hawaii. 


Genera * chiefly confined to these regions 3 
. tn] 


Genera of wide distribution........ ......... 79 
Total genera common...................0000s 82 
Total in both regions....................604. 396 


D. Japan and Australia. 
Genera chiefly confined to these regions.. 13 
Genera of wide distribution (chiefly East- 


RRND Latasdnvvecocesasstenhnasouielamasensebie 122 
Total genera common................0eeeees 135 
Total in both regions...................s000. 533 


E. Japan and Panama, 
Genera f chiefly confined to these regions 2 


Genera of wide distribution.................. _ 89 
Total genera comMon................0see0e0 91 
Total in both regions................00.s000 499 


F. Japan and the West Indies. 
Genera { chiefly confined to these regions 5 


Genera of wide distribution.................. 108 
Total genera common.................++0++ 113 
Total in both regionS...................se00. 520 


G. The Mediterranean and the Red Sea. 


Genera confined to the Suez region......... 0 

Genera of wide distribution (chiefly In- 
GERD ) ovesacsecccchunite tantintinwtbcsaniasuduseana 40 
Total genera CommMoOnN...............0020e0008 40 
Total in both regions..................000008 295 


H. West Indies and the Mediterranean. 
Genera chiefly confined to the equatorial At- 


ED. icctiesenubidecsccetisiabibinadieenteenin 11 
Genera of wide distribution.................. 59 

ye eee Divdiectansedass wate 70 

Total in both regions....................+0+ 37 


I. West Indies and Panama. 


Genera chiefly confined to equatorial Amer- 


SED course ssannsvecnaniersibsgenbbocsecenbonscsaaiid 68 
Genera of wide distribution.................. 101 
Total genera ComMOD................0+eeeee 169 
Total in equatorial America.............. 376 


J. Hawaii and Panama. 
Genera chiefly confined to the regions in 


QUIIOD 60s ince ccccndsconessdugeetdesvedpee ware, 
Genera? of wide distribution............... 74 
Total genera common....................0++ 77 
Total in both regions.....................++ 323 


* Pikea, Eumycterias, Engyprosopron. 

+t Bairdiella, Aboma. ‘The occurrence of Bairdiella 
acanthodes in Japan needs verification. 

t Scombrops, Polymixia, Pseudopriacanthus, Anti- 
gonia, Chaunax. All these genera are semi-bassalian. 
2 Sectator, Chanomugil, Garmannia. 
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K. Hawaii and the East Indies. 


Genera* chiefly confined to Hawaii......... 4 
Genera of wide distribution in the equa- 
torial Peiisncsssiinecociepewedapcksasschtecns 123 
Generat confined to Hawaii and the West 
[ihe cin causdccsnssendiescttbedenebtbssccesscoene 1 
Summary. 
Genera (shore fishes only ) in the Mediter- 
ranean S@@..........+. Gent Riteicecullideidias 144 
Genera in the Red Sea.............cececccseesses 191 
Gemes® bit Be icas ve cstecccctnersesicccnvscesiines 280 
Genera in Japan (exclusive of northern 
Ler cca ccnanteds tennnsivgienigninbsnnneete tiene 334 
Genera in Australia..........ccccccccccccsccoees 344 
Genera in New Zealand..............s00+ssceee 108 
Gomest $5 Firs cccccestocicvescvesccsccccess 144 
Genera about Panama. ................ssesseees 256 
Genera in West IndieS.................0-ss000e 299 


EXTENSION OF INDIAN FAUNA, 


From the above tables it is evident 
that the warm-water fauna of Japan, as 
well as that of Hawaii, is derived from the 
great body of the fauna of the East Indies 
and Hindostan ; that the fauna of the Red 
Sea is derived in the same way; that the 
fauna of the Mediterranean bears no especial 
resemblance to that of Japan, rather than 
to other elemeénts of the East Asiatic fauna 
in similar conditions of temperature, and 
no greater than is borne by either to the 
West Indies ; that the faunas of the sides 
of the Isthmus of Suez have relatively little 
in common, while those of the two sides of 
the Isthmus of Panama show large identity 
of genera, although few species are common 
to the two sides. Of the 255 genera re- 
corded from the Panama region, 179, or over 
70 per cent.,are also in the West Indies ; 
while 68, or more than 30 per cent. of the 
number, are limited to the two regions in 
question. 

THE ISTHMUS OF SUEZ AS A BARRIER 
TO DISTRIBUTION. 

With the aid of the above table, we may 

examine further the relation of the fauna 


* Holotrachys, Cirrhitops, Perkinsia. 
t Malacanthus. 
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of Japan to that of the Mediterranean. Ifa 
continuity of shore-line once existed, it 
would involve the obliteration of the Isth- 
mus. With free connection across this isth- 
mus, the fauna of the Red Sea must have 
been once practically the same as that of the 
Mediterranean. The present differences 
must be due to later immigrations to one 
or the other region, or to the extinction of 
species in one locality or the other, through 
some kind of unfitness. In neither region 
is there evidence of extensive immigration 
from the outside. The present conditions 
of water and temperature differ a little, 
but not enough to explain the difference in 
faunz. The Red Sea is frankly tropical 
and its fauna is essentially Indian, much 
the same, so far as genera are concerned, 
as that of Southern Japan. The Mediter- 
ranean is at most not more than semi- 
tropical and its fishes are characteristically 
European. Its tropical forms belong 
rather to Guinea than to the East Indies. 
With the Red Sea the Mediterranean has 
very little in common, not so much, for ex- 
ample, as has Hawaii. Forty genera of 
shore fishes (and only fifty of all fishes) 
are identical in the two regions, the Medi- 
terranean. and the Red Sea. Of those, 
every one is a genus of wide distribution, 
found in nearly all warm seas. Of shore 
fishes, only one genus in seven is common 
to the two regions. Apparently, there- 
fore, we cannot assume a passage across 
the Isthmus of Suez within the lifetime of 
the present genera. Not one of the types 
alleged to be peculiar to Japan and the 
Mediterranean is thus far known in the 
Red Sea. Not one of the characteristic- 
ally abundant Mediterranean types * crosses 
the Isthmus of Suez, and the distinctive 
Red Sea and Indian types + are equally 


*As Crenilabrus, Labrus, Symphodus, Pagellus, 
Spondyliosoma, Sparisoma. 
t As Chztodon, Lethrinus, Spherodon, Abudefduf, 


etc. 
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wanting in the Mediterranean. The only 
genera which could have crossed the 
Isthmus are certain shallow-water or 
brackish. water forms, sting-rays, torpe- 
does, sardines, eels and mullets, widely 
diffused through the East Indies and found 
also in the Mediterranean. The former 
channel if one ever existed, had, therefore, 
much the same value in distribution of 
species, as the present Suez Canal. 


OF SUBMERSION 
SUEZ. 


EVIDENCE 
ISTHMUS OF 


GEOLOGICAL 
OF THE 

Yet, from geological data, there is strong 
evidence that the Isthmus of Suez was sub- 
merged in relatively recent times. The 
recognized geological maps of the Isthmus 
show that a broad area of post-Pliocene or 
Pliocene deposits constitutes the Isthmus 
and separates the nummulitic hills of Suez 
from their fellows about thirty miles to the 
eastward. The northern part of the Isth- 
mus is alluvium from the Nile, and its 
western part is covered with drifting sands. 
The Red Sea once extended farther north 
than now and the Mediterranean farther to 
the southeast. Assuming the maps to be 
correct, the Isthmus must have been open 
water in the late Pliocene or post-Pliocene 
times. 

Admitting this as a fact, the difference 
in the fish fauna shows that the waters over 
the submerged area must have been so 
shallow that rock-loving forms did not and 
could Moreover, the region 
must have been overspread with silt-bear- 
To such 


not cross it. 


ing fresh waters from the Nile. 
fishes as Chwetodon, Holocentrus, Thalassoma, 
of the Red Sea, or to Crenilabrus, Boops and 
Zeus, Of the Mediterranean, such waters 
would form a barrier as effective as the 
sand-dunes of to-day. 

CONCLUSIONS AS TO OF SUEZ. 


THE ISTHMUS 


We are led, therefore, to these con- 
clusions: 


SCLENCE. 
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1. There is no evidence, derivable from 
the fishes, of the submergence of the Isth- 
mus of Suez. 

2. If the isthmus was submerged in P]i- 
ocene or post-Pliocene times, the resultant 
channel was shallow and muddy, so that 
ordinary marine fishes or fishes of rock 
bottoms, or of deep waters, did not 
cross it. 

3. It formed an open water to brackish- 
water fishes only. 

4. The types common to Japan and the 
Mediterranean did not enter either region 
from the other, by way of the Red Sea. 

5. As most of these are found also in 
India or Australia or both, their dispersion 
was probably around the south coast of 
Africa or by the Cape of Good Hope. 


OF GOOD HOPE AS A BARRIER 
TO FISHES. 


The fishes of the Cape of Good Hope are 
not well enough known for close compar- 
ison with those of other regions. Enough 
is known of the Cape fauna to show its 
general relation to those of India and Aus- 
tralia. The Cape of Good Hope lies in the 
South Temperate zone. It offers no abso- 
lutely impassable barrier to the tropical 
fishes from either side. It bears a closer 
relation to either the Red Sea or the Med- 
iterranean than they bear to each other. 
It is, therefore, reasonable to conclude that 
the transfer of tropical shore fishes of the 
Old World between the Atlantic and Pa- 
cific, in recent times, has taken place mainly 
around the southern point of Africa. To 
pelagic and deep-sea fishes the Cape of 
Good Hope has offered no barrier whatever. 
To ordinary fishes it is an obstacle, but 
not an impassable one. This the fauna 
itself shows. It has, however, not been 
passed by many tropical species, and by 
these only as the result of thousands 
of years of struggle and _ point-to-point 
migration. 


THE CAPE 
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RELATIONS OF JAPAN TO MEDITERRANEAN 
EXPLAINABLE BY PRESENT CONDITIONS. 


We may conclude that the resemblance 
of the Mediterranean fish fauna to that of 
Japan or India is no more than might be 
expected, the present contour of the conti- 
nents being permanent for the period of 
duration of the present genera and species. 
The imagined removal of barriers on any 
large scale would necessitate much closer 
resemblances than those which actually 


exist. 


ISTHMUS OF PANAMA AS A BARRIER 


TO DISTRIBUTION. 


THE 


Conditions in some regards parallel with 
those of the Isthmus of Suez exist in but 
. one other region—the Isthmus of Panama, 


IDENTITY OF GENERA ON TWO SHORES OF 
THE ISTHMUS OF PANAMA. 


Here the first observers were very 
strongly impressed by the resemblance of 
forms. Nearly half the genera fonnd on 
the two sides of this isthmus are common 
to both sides. Taking those of the Pacific 
shore for first consideration, we find that 
three fourths of the genera of the Panama 
fauna occur in the West Indies as well. 

This identity is many times greater than 
that existing at the Isthmus of Suez. 
Moreover, while the Cape of Good Hope 
offers no impassable barrier to distribution, 
the same is not true of the southern part of 
South America. The subarctic climate of 
Cape Horn has doubtless formed a com- 
plete check to the movements of tropical 
fishes for a vast period of geologic time. 


UNLIKENESS OF SPECIES ON THE SHORES OF 
THE ISTHMUS OF PANAMA, 


But curiously enough, this marked re- 
semblance is confined chiefly to the genera 
and does not extend to the species on the 
two shores. 
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Of 1,400 species of fishes recorded from 
tropical America north of the Equator, 
only about 70 are common to the two 
coasts. The number of shore fishes com- 
mon is still less. In this 70 are included a 
certain number of cosmopolitan types which 
might have reached either shore from the 
Old World. 

A few others invade brackish or fresh 
waters and may possibly have found their 
way, in one way or another, across the 
Isthmus of Nicaragua. Of fishes strictly 
marine, strictly littoral, and not known 
from Asia or Polynesia, scarcely any species 
are left as common to the two sides. This 
seems to show that no waterway has ex- 
isted across the isthmus within the life- 
time, whatever that may be, of the exist- 
ing species. The close resemblance of 
genera shows apparently with almost equal 
certainty that such a waterway has ex- 
isted, and within the period of existence of 
the groups called genera. How long a 
species of fish may endure unchanged no 
one knows, but we know that in this regard 
great differences must exist in different 
groups. Assuming that different species 
crossed the Isthmus of Panama in Miocene 
times, we should not be surprised to find 
that a few remain to all appearances un- 
changed ; that a much larger number have 
become ‘ representative ’ species, closely re- 
lated forms retaining relations to the en- 
vironment to those of the parent form, and, 
finally, that a few species have been radi- 
cally altered. 

This is exactly what has taken place at 
the Isthmus of Panama with the marine 
shore fishes. Curiously enough, the move- 
ment of genera seems to have been chiefly 
from the Atlantic to the Pacific. Certain 
characteristic genera* of the Panama region 
have not passed over to the Pacific. On the 

* Hoplopagrus, Xenichthys, Xenistius, Xenocys, Micro- 
desmus, Cerdale; Cratinus, Azevia, Microlepidotus, Or- 
thostechus, Isacielta, etc. 
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other hand, most of the common genera * 
show a much larger number of species on 
the Atlantic side. This may be held to 
show their Atlantie origin. 

Of the relatively small number of genera 
which Panama has received from Polynesia, 
few + have crossed the Isthmus to appear 
in the West Indian fauna. 


GUNTHER ON THE ISTHMUS OF PA'NAMA. 

The elements of the problem at Panama 
may be better understood by a glance at 
the results of previous investigations, 

In 1869 Dr. Giinther, after enumerating 
the species examined by him from Panama, 
reaches the conclusion that nearly one third 
of the marine fishes on the two shores of 
tropical America will be found to be iden- 
tical. He enumerates 193 such species as 
found on the two coasts ; 59 of these, or 31 
per cent. of the total, being actually iden- 
tical. From this heinfers that there must 
have been, at a@ comparatively recent date, a 
depression of the Isthmus and intermingling 
of the two faunas. { 


OBSERVATIONS IN 1885, 


In an enumeration of the fishes of the 
Pacific coast in 1885,$ the present writer 
showed that Dr. Gunther’s conclusions were 
based on inadequate data. 

In my list, 407 species were recorded from 
the Pacific coast of tropical America— 
twice the number enumerated by Dr. Gin- 
ther. Of these, 71 species, or 174 per cent., 
were found also in the Atlantic. About 800 
species are known from the Caribbean and 
adjacent shores, so that out of the total 


* Hemulon, Anisotremus, Gerres, Centropomus, Gal- 
eichthys, Hypoplectrus, Mycteroperca, Ulema, Stellifer, 
Micropogon, Bodianus, Microspathodon. 

t Among these are perhaps Teuthis ( Acanthurus), 
Ilisha, Salarias, Myripristis, Thalassoma. Some such 


which have not crossed the Isthmus are Cirrhites; Sec- 
tator, Sebastopsis and Lophiomus. 

t ‘ Fishes of Central America,’ 1869, 397. 

¢ Proc. U. 8. Nat. Mua., 1885, 393. 
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number of 1,186 species, but 71, or 6 per 
cent. of the whole, are common to the two 
coasts. This number does not greatly ex- 
ceed that of the species common tothe West 
Indies and the Mediterranean, or even the 
West Indies and Japan. It is to be noted 
also that the number 71 is not very defin- 
itely ascertained, as there must be consider- 
able difference of opinion as to the bound- 
aries of species, and the actual identity in 
several cases is open to doubt. 

This discrepancy arises from the compar- 
atively limited representation of the two 
faunze at the disposal of Dr. Giinther. He 
enumerates 193 marine or brackish-water 
species as found on the two coasts, 59 of 
which are regarded by him as specifically 
identical, this being 31 per cent. of the 
whole. But in 30 of these 59 cases, I re- 
gard the assumption of complete identity 
as erroneous; so that taking the number 
193, as given, I would reduce the percentage 
to 15. But these 193 species form but a 
fragment of the total fauna, and any con- 
clusion based on such narrow data is cer- 
tain to be misleading. 

Of the 71 identical species admitted in 
our list, several (e. g., Mola, Thunnus) are 
pelagic fishes common to most warm seas. 
Still others (e. g., Trachurus, Carangus, Dio- 
don sp.) are cosmopolitan in the tropical 
waters. Most of the others (e¢. g., Gobius, 
Gerres, Centropomus, Galeichthys sp., etc.) 
often ascend the rivers of the tropics, and 
we may account for their diffusion, perhaps, 
as we account for the dispersion of fresh- 
water fishes on the isthmus, on the supposi- 
tion that they may have crossed from marsh 
to marsh at some time in the rainy season. 

In very few cases are representatives of 
any species from opposite sides of the Isth- 
mus exactly alike in all respects. These 
differences in some cases seem worthy of 
specific value, giving us ‘representative 
species’ on the two sides. In other cases, 
the distinctions are very trivial, but in 
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most eases they are appreciable, especially 
in fresh specimens, 

Further, I expressed the belief that 
“fuller investigation will not increase the 
proportion of common species. If it does 
not, the two faunas show no greater resem- 
blance than the similarity of physical con- 
ditions on the two sides would lead us to 
expect.” 

This conclusion must hold so far as spe- 
cies are concerned, but the resemblance in 
the list of genera is too great to be ac- 
counted for in this way. 


OBSERVATIONS OF DR. GUNTHER. 


In 1880 * Dr. Gunther expressed his views 
in still stronger language, claiming a still 
larger proportion of the fishes of tropical 
America to be identical on the two sides of 
the continent. He concluded that ‘ with 
scarcely any exceptions the genera are 
identical, and of the species found on the 
Pacific side, nearly one half have proved to 
be the same as those of the Atlantic. The 
explanation of this fact has been found in 
the existence of communications between 
the two oceans by channels and straits 
which must have been open till within a 
recent period. The isthmus of Central 
America was then partially submerged, and 
appeared as a chain of islands similar to 
that of the Antilles; but as the reef-build- 
ing corals flourished chiefly north and east 
of these islands and were absent south and 
west of them, reef fishes were excluded 
from the Pacific shores when the communi- 
cations were destroyed by the upheaval of 
land.” 


CONCLUSIONS OF EVERMANN AND JENKINS, 


This remark led to a further discussion 
of the subject on the part of Dr. B. W. Ever- 
mann and Dr. O. P. Jenkins. From their 


paper on the fishes of Guaymast I make 
the following quotations : 


* ‘Introduction to the Study of Fishes,’ 1880, p. 280. 
| Proc. U. S. Nat. Mus., 1891, pp. 124-126. 
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‘‘The explorations since 1885 have re- 
sulted, (1) in an addition of about one 
hundred species to one or other of-the two 
faune ; (2) in showing that at least two 
species that were regarded as identical on 
the two shores * are probably distinct ; and 
(3) in the addition of but two species to 
those common to both coasts. + 

‘All this reduces still further the per- 
centage of common species. 

‘‘Of the one hundred and ten species ob- 
tained by us, 24, or less than 21 per cent., 
appear to be common to both coasts. Of 
these 24 species, at least 16, from their 
wide distribution, would need no hypoth- 
esis of a former waterway through the isth- 
mus to account for their presence on both 
sides. They are species fully able to ar- 
rive at the Pacific shores of the Americas 
from the warm seas west. It thus appears 
that not more than eight species, less than 
8 per cent. of our collection, all of which 
are marine species, require any such hy- 
pothesis to account for their occurrence on 
both coasts of America. This gives us, 
then, 1,307 species that should properly be 
taken into account when considering this 
question, not more than 72 of which, or 
5.5 per cent., seem to be identical on the 
two coasts. This is very different from 
the figures given by Dr. Gunther in his 
‘ Study of Fishes.’ 

“* Now, if from these 72 species, admitted 
to be common to both coasts, we subtract 
the 16 species of wide distribution—so wide 
as to keep them from being a factor in this 
problem—we have left but 56 species com- 
mon to the two coasts that bear very 
closely upon the waterway hypothesis. 
This is less than 4.3 per cent. of the whole num- 
ber.”’ 

** But the evidence obtained from a study 


* Citharichthys spilopterus and C. gilberti. 

t+ Heemuton steindachneri and Gymnothorax castaneus 
of the west coast probably being identical with H. 
schranki and Gymnothorax funebris of the east coast. 
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of other marine life of that region points to 
the same conclusion.” 

‘In 1881, Dr. Paul Fischer discussed 
the same question in his ‘Manual de Con- 
chyliologie,’ pp. 168-169, in a section on the 
Molluscan Fauna of the Panamie Province, 
and reached the same general conclusions. 
He says: ‘ Les naturalistes Américians se 
sont beaucoup preéoceupés des espéces de 
Panama qui paraissent identiquesavec celles 
des Antilles, ou qui sont représentatives. 
P. Carpenter estime qu’il en existe 35. 
Dans la plupart des eas, l’identite absolue 
n’a pu étre constantée et on a trouvé quel- 
ques caractéres distinctifs, ce qui n’a rien 
d’étonnant, puisque dans l’hypothése d’une 
origine commune, les deux races pacifique 
et atlantique sont séparée depuis la periode 
Miocéne. Voici un liste de ces espéces rep- 
résentatives ou identiques.’ Here follows 
a listof 29 species. ‘ Mais ces formes 
semblables,’ he says, ‘constituent un in- 
fime minorité (3 per cent.).’ ” 

‘* These facts have a very important bear- 
ing upon certain geological questions, par- 
ticularly upon the one concerning the cold 
of the Glacial period. 

“In Dr. G. Frederick Wright’s recent 
book ‘ The Ice Age in North America,’ eight 
different theories as to the cause of the cold 
are discussed. The particular theory which 
seems to him quite reasonable is that one 
which attributes the cold as due to a change 
of different parts of the country, and a de- 
pression of the Isthmus of Panama is one 
of the important changes he considers. 
He says:* ‘‘ Should a portion of the Gulf 
Stream be driven through a depression 
across the Isthmus of Panama into the 
Pacific, and an equal portion be diverted 
from the Atlantic coast of the United States 
by an elevation of the sea-bottom between 
Florida and Cuba, the consequences would 
necessarily be incaleulably great, so that 
the mere existence of such a possible cause 

*P. 409. 
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for great changes in the distribution of 
moisture over the northern hemisphere jis 
sufficient to make one hesitate before com- 
mitting himself unreservedly to any other 
theory; at any rate, to one which has not 
for itself independent and adequate proof.”’ 

‘‘In the Appendix to the same volume 
Mr. Warren Upham, in discussing the 
probable causes of glaciation, says, ‘The 
quaternary uplifts of the Andes and Rocky 
Mountains and of the West Indies make it 
nearly certain that the Isthmus of Panama 
has been similarly elevated during the re- 
cent epoch. * * * It may be true, therefore, 
that the submergence of this isthmus was 
one of the causes of the Glacial period, the 
continuation of the equatorial oceanic cur- 
rents westward into the Pacific having 
greatly diminished or wholly diverted the 
Gulf Stream, which carries warmth from 
the tropics to the northern Atlantic and 
northwestern Europe.” 

“ Any very recent means by which the 
fishes could have passed readily from one 
side to the other would have resulted in 
making the fish-faunas of the two shores 
practically identical ; but the time that has 
elapsed since such a waterway could have 
existed has been long enough to allow the 
fishes of the two sides to become practically 
distinct. That the molluscs of the two 
shores are almost wholly distinct, as shown 
by Dr. Fischer, is even stronger evidence 
of the remoteness of the time when the 
means of communication between the two 
oceans could have existed, for ‘ species’ 
among the molluses are probably more per- 
sistent than among fishes. 

“Our present knowledge, therefore, of 
the fishes of tropical America justifies us in 
regarding the fish faunas of the two coasts 
as being essentially distinct, and believing 
that there has not been, at any compara- 
tively recent time, any waterway through 
the Isthmus of Panama.” 

It is thus shown, I think, conclusively, 
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that the Isthmus of Panama could not have 
been depressed for any great length of time 
in a recent geological period. 


CONCLUSIONS OF DR. HILL, 


These writers have not, however, consid- 
ered the question of generic identity. To 
this we may find a clue in the geological 
investigations of Dr. Robert T. Hill. 

In a study of ‘ The Geological History of 
the Isthmusof Panamaand Portionsof Costa 
Rica,’ Dr. Hill uses the following language : 

‘‘ By elimination we have concluded that 
the only period of time since the Mesozoic 
within which communication between the 
seas could have taken place is the Tertiary 
period, and this must be restricted to the 
Eoceneand Oligocene epochs of that period. 
The paleontologic evidence upon which such 
an opening can be surmised at this period 
is the occurrence of a few California Eocene 
types in the Atlantic sides of the tropical 
American barrier, within the ranges of lati- 
tude between Galveston (Texas) and Colon, 
which are similar to others found in Cali- 
fornia. There are no known structural 
data upon which to locate the site of this 
passage, but we must bear in mind, how- 
ever, that this structure has not been com- 
pletely explored. 

“Even though it was granted that the 
coincidence of the occurrence of a few 
identical forms on both sides of the tropical 
American region, out of the thousands 
which are not common, indicates a connec- 
tion between the two seas, there is still an 
absence of any reason for placing this con- 
nection at the Isthmus of Panama, and we 
could just as well maintain that the locus 
thereof might have been at some other 
point in the Central American region. 

“The reported fossil and living species 
common to both oceans are littoral forms, 
which indicate that if a passage existed, it 
must have been of a shallow and ephemeral 
character. | 
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“ There is no evidence from either a geo- 
logic or a biologic standpoint for believing 
that the oceans have ever communicated 
across the Isthmian regions since Tertiary 
time. In other words, there is no evidence 
for these later passages which have been 
established upon hypothetical data, espe- 
cially those of Pleistocene time. 

‘“‘ The numerous assertions, so frequently 
found in literature, that the two oceans have 
been frequently and recently connected 
across the Isthmus, and that the low passes 
indicative of this connection still exist, may 
be dismissed at once and forever and rele- 
gated to the domain of the apocryphal. <A 
few species common to the waters of both 
oceans in a predominantly Caribbean fauna 
of the age of the Claiborne epoch of the 
Eocene Tertiary is the only paleontologic 
evidence in any time upon which such a 
connection may be hypothesized. 

‘¢ There has been a tendency in literature 
to underestimate the true altitude of the 
Isthmian passes, which, while probably not 
intentional, has given encouragement to 
those who think that this Pleistocene passage 
may have existed. Maack has erroneously 
given the pass at 186 feet. Dr. J. W. 
Gregory states ‘that the summit of the 
Isthmus at one locality is 154 feet, and in 
another 287 feet in height.’ The lowest 
Isthmian pass, which is not a summit, but 
a drainage col, is 287-295 feet above the 
ocean. 

“Tf we could lower the Isthmian region 
300 feet at present, the waters of the two 
oceans would certainly commingle through 
the narrow Culebra Pass. But the Culebra 
Pass is clearly the headwater col of two 
streams, the Obispo flowing into the Cha- 
gres, and the Rio Grande flowing into the 
Pacific, and has been cut by fluviatile action, 
and not by marine erosion, out of a land 
mass which has existed since Miocene time. 
Those who attempt to establish Pleistocene 
inter-oceanic channels through this pass on 
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account of its present low altitude, must 
not omit from their calculations the restora- 
tion of former rock masses, which have been 
removed by the-general leveling of the sur- 
face by erosion.’’ 


SUMMARY OF DR. HILL. 


In conclusion, Dr. Hill asserts that ‘‘ there 
is considerable evidence that a land barrier 
in the tropical region separated the two 
oceans as far back in geologic history as 
Jurassic time, and that that barrier con- 
tinued throughout the Cretaceous period. 
The geological structure of the Isthmus and 
Central American regions, so far as inves- 
tigated, when considered aside from the 
paleontology, presents no evidence by which 
the former existence ofa free communication 
of oceanic waters across the present tropical 
land barriers can be established. The pale- 
ontologic evidence indicates the ephemeral 
existence of a passage at the close of the 
Eocene period. All lines of inquiry—geo- 
logic, paleontologice and biclogic—yive evi- 
dence that no connection has existed be- 
tween the two oceans since the close of the 
Oligocene. This structural geology is de- 
cidedly opposed to any hypothesis by which 
the waters of the two oceans could have 
been connected across the regions in Mio- 


cene, Pliocene, Pleistocene, or recent times.”’ 


FINAL HYPOTHESIS AS TO PANAMA 


If we assume the correctness of Dr. Hill’s 
conclusions, they may accord ina remarkable 
degree with the actual facts of the distribu- 
tion of the fishes about the Isthmus. To 
account for the remarkable identity of gen- 
era and divergence of species I may suggest 
the following hypothesis : 

During the lifetime of most of the pres- 
ent species, the Isthmus has not been de- 
pressed. It was depressed in or before Mio- 
cene time, during the lifetime of most of 


the present genera. The channel formed 


was relatively shallow, excluding forms in- 
habiting 


rocky bottoms at considerable 
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depths. It was wide enough to permit the 
infiltration from the Caribbean Sea of nu- 
merous species, especially of shore fishes of 
sandy bays, tide pools and brackish estu- 
aries. The currents set chiefly to the west- 
ward, favoring the transfer of Atlantic 
rather than Pacific types. 

Since the date of the closing of this chan- 
nel, the species left on the two sides have 
been altered in varying degrees by the pro- 
cesses of natural selection and isolation. 
The cases of actual specific identity are 
few, and the date of the establishment as 
species, of the existing forms, is subsequent 
to the date of the last depression of the isth- 
mus. 

W hile local oscillations, involving changes 
in coast-lines, have doubtless frequently 
taken place and are still going on, our 
knowledge of the distribution of fishes 
should render impossible the speculations 
on the dance of continents, which certain 
geologists and certain biologists have, at 
one time or another, used as a convenient 
means of accounting for glacial phenomena, 
or for anomalies in distribution. We may 
be also certain that none of the common 
genera ever found their way around Cape 
Horn. Most of them disappear to the 
southward, along the coasts of Brazil and 
Peru. 

Further, it goes without saying, that we 
have no knowledge of the period of time 
necessary to work specific changes in a 
body of species isolated in an alien sea. 
Nor have we any data as to the effect on a 
given fish fauna of the infiltration of many 
species and genera belonging to another. 
All such forces and results must be matters 
of inference. 


LAWS GOVERNING DISTRIBUTION OF 
ANIMALS, 


I have elsewhere* had occasion to say 
that the laws governing the distribution of 


* * Footnotes to Evolution.’ 
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animals are reducible to three very simple 
propositions. 

Each species of animal is found in every 
part of the earth having conditions suitable 
for its maintenance, unless: 

(a) Its individuals have been unable to 
reach this region through barriers of some 
sort; Or, 

(b) Having reached it, the species is 
unable to maintain itself, through lack of 
capacity for adaptation, through severity 
of competition with other forms, or through 
destructive conditions of environment; or 
else, 

(c) Having entered and maintained it- 
self, it has become so altered in the pro- 
cess of adaptation as to become a species 
distinct from the original type. 


SPECIES ABSENT THROUGH BARRIERS. 


The absence from the Japanese fauna of 
most European or American species comes 
under the first head. The pike has never 
reached the Japanese lakes, though the 
shade of the lotus leaf in the many clear 
ponds would suit its habits exactly. The 
grunt* and porgies+ of our West Indian 
waters and the crenilabri of the Mediter- 
ranean have failed to cross the ocean and 
therefore have no descendants in Japan. 


SPECIES ABSENT THROUGH FAILURE TO MAIN- 
TAIN FOOTHOLD. 


Of species under (0), those who have 
crossed the seas and not found lodgment, 
we have, in the nature of things, no record. 
Of the existence of multitudes of estrays 
we have abundant evidence. In the Gulf 
Stream off Cape Cod are every year taken 
many young fishes belonging to species at 


home in the Bahamas and which find no ° 


permanent place in the New England fauna. 
In like fashion, young fishes from the 
tropics drift northward in the Kuro Shiwo 
to the coasts of Japan, but never finding a 


* Hemulon. 
t Calamus. 
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permanent breeding-place and never join- 
ing the ranks of the Japanese fishes. But 
to this there have been, and will be, occa- 
sional exceptions. Now and then one 
among thousands finds permanent lodg- 
ment, and by such means a species from an- 
other region will be added to the fauna. 
The rest disappear and leave no trace. A 
knowledge of these currents and their in- 
fluence is eventual to any detailed study of 
the dispersion of fishes. 


SPECIES CHANGED THROUGH NATURAL SE- 


LECTION. 


In the third class, that of species changed 
in the process of adaptation, most insular 
forms belong. Asa matter of fact, at some 
time or another almost every species must 
be in this category, for isolation is a source 
of the most potent elements in the initia- 
tion and intensification of the minor differ- 
ences which separate related species. It 
is not the preservation of the most useful 
features, but of those which actually existed 
in the ancestral individuals, which distin- 
guish such species. I have elsewhere noted 
that natural selection must include not only 
the process of the survival of the fittest, 
but also the results of the survival of the 
existing. This means the preservation 
through heredity of the traits not of the 
species alone, but those of the actual indi- 
viduals set apart to be the first in the line 
of descent in a new environment. In hosts 
of cases the persistence of characters rests 
not on any special usefulness or fitness, but 
on the fact that individuals possessing these 
characters have, at one time or another, 
invaded a certain area and populated if. 
The principle of utility explains survivals 
among competing structures. It rarely ac- 
counts for qualities associated with geo- 
graphical distribution. 


BARRIERS CHECKING MOVEMENT OF FISHES. 


The limits of the distribution of indi- 
vidual species or genera must be found in 
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some sort of barrier, past or present. The 
chief barriers which limit marine fishes are 
the presence of land, the presence of great 
oceans, the differences of temperature aris- 
ing from differences in latitude, the nature 
of the sea bottom and the direction of 
oceanic currents. That which is a barrier 
to one species may be an agent iff distribu- 
tion toanother. The common shore fishes 
would perish in deep waters almost as 
surely as on land, while the open Pacific is 
abroad highway tothe albacore or the 
sword-fish. 

Again, that which is a barrier to rapid 
distribution may become an agent in the 
slow extension of the range of a species. 
The great continent of Asia is undoubtedly 
one of the greatest of barriers to the wide 
movement of species of fish, yet its long 
shore-line enables species to creep, as it 
were, from bay to bay, or from rock to rock ; 
till, in many cases, the same species is 
found in the Red Sea and in the tide-pools 
or sand-reaches of Japan. In the North 
Pacific, the presence of a range of half- 
submerged volcanoes, known as the Aleu- 
tian and the Kurile Islands, has greatly 
aided the slow movement of the fishes of 
the tide-pools and the kelp. To a school 
of mackerel or of flying fishes these rough 
islands would form an insuperable barrier. 


TEMPERATURE THE CENTRAL FACT IN DISTRI- 
BUTION. 

It has long been recognized that the mat- 
ter of temperature is the central fact in all 
problems of geographical distribution. 
Few species in any group freely cross the 
frost-line, and except as borne by oceanic 
currents, few species extend their range far 
into waters colder than those in which the 
species is distinctively at home. Knowing 
the average temperature of the water in a 
given region, we know in general the types 
of fishes which must inhabit it. It is the 
similarity in temperature and physical 
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conditions, not the former absence of bar- 
riers, which chiefly explains the resem- 
blance of the Japanese fauna to that of the 
Mediterranean or the Antilles. This faci 
alone must explain the resemblance of the 
Arctic and Antarctic faune. 


AGENCY OF OCEAN CURRENTS, 


We may consider again for a moment the 
movements of the great currents in the 
Pacific as agencies in the distribution of 
species. 

A great current sets to the eastward, 
crossing the ocean just south of the Tropic 
of Cancer. It extends between the Gilbert 
and the Marshall Islands and passes on 
nearly to the coast of Mexico, touching the 
Galapagos Islands, Clipperton Island and 
especially the Revillagigedos. This at once 
accounts for the number of Polynesian 
species found on these Islands, about which 
they are freely mixed with immigrants from 
the mainland of Mexico. 

From the Revillagigedos* the current 
moves northward, passing the Hawaiian 
Islands and thence onward to the La- 
drones. The absence in Hawaii of many 
of the characteristic fishes of the Society 
Islands and the Gilbert Islands is doubt- 
less due to the long detour made by these 
currents, as the conditions of life in these 
groups of islands are not very different. 
Between the Gilbert Islands and Samoa 
there is also a return current to the west, 
and northeast of Hawaii is a great spiral 
current, moving with the hands of the 
watch, forming what is called Fleurieu’s 
Whirlpool. This does not reach the coast 
of California. This fact may account for 


‘ the almost complete distinction in the shore 


fishes of Hawaii and California.+ 


* Clarion Island and Socorro Island. 

+t A few Mexican shore fishes, Chewtodon humeralis, 
Galeichthys dasycephalus, Hypsoblennius parvipinnis, 
have been wrongly accredited to Hawaii by some 
misplacement of labels. 
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The westward current from Hawaii 
reaches Luzon and Formosa, It is deflected 
to the northward and, joining a northward 
current from Celebes, it forms the Kuro 
Shiwo or Black Stream of Japan, which 
strews its tropical species in the rock pools 
along the Japanese promontories as far as 
Tokio. Then, turning into the open sea, it 
passes northward to the Aleutian Islands, 
across to Sitka. Thence it moves south- 
ward as a cold current, bearing Ochotsk- 
Alaskan types southward as far as the Santa 
Barbara Islands, to which region it is fol- 
lowed by species of Aleutian origin. A 
cold return current seems to extend south- 
ward in Japan, along the East shore per- 
haps as far as Matsushima. A similar cur- 
rent in the sea to the west of Japan extends 
still further to the southward, to Noto, or 
beyond, 

It is, of course, not necessary that the 
movements of a species in an oceanic cur- 
rent should coincide with the direction of 
the current. Young fishes, or fresh-water 
fishes, would be borne along with the water. 
Those that dwell within floating bodies of 
seaweed would go whither the waters carry 
the drifting mass. But free-swimming 
fishes, as the mackerel or flying-fishes, 
might as readily choose the reverse 
direction. To a free-swimming fish, the 
temperature of the water would be the 
only consideration. It is thus evident 
that a current which to certain forms 
would prove a barrier to distribution, to 
others would be a mere convenience in 
movement. 

In comparing the Japanese fauna with 
that of Australia, we find some trace of 
both these conditions. Certain forms are 
excluded by cross-currents, while certain 
others seem to have been influenced only 
by the warmth of the water. A few Aus- 
tralian types on the coast of Chili seem to 
have been carried over by the cross currents 
of the South Atlantic. 
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CENTERS OF DISTRIBUTION, 

We may assume, in regard to any spe- 
cies, that it has had its origin in or near that 
region in which it is most abundant and 
characteristic. Such an assumption must 
involve a certain percentage of error or of 
doubt, but in considering the mass of spe- 
cies, it would represent essential truth. In 
the same fashion, we may regard a genus 
as being autochthonous or first developed in 
the region where it shows the greatest range 
or variety of species. Those regions where 
the greatest number of genera are thus au- 
tochthonous may be regarded as centers of 
distribution. So far as the marine fishes 
are concerned, the most important of these 
centers are found in the Pacific Ocean. 
First of these in importance is the East-In- 
dian Archipelago, with the neighboring 
shores of India. Next would come the 
Arctic Pacific and its bounding islands, 
from Japan to British Columbia. Third in 
importance in this regard is Australia. Im- 
portant centers are also found in temperate 
Japan,'in California, the Panama region, 
and in New Zealand, Chili and Patagonia. 
The fauna of Polynesia is almost entirely de- 
rived from the Indies; and the shore-fauna 
of the Red Sea, the Bay of Bengal and 
Madagascar, so far as genera are concerned, 
seems to be not really separable from the 
Indian fauna generally. 

I know of but six genera which may 
be regarded as autochthonous in the Red 
Sea, and nearly of these are of doubtful 
value or of uncertain relation. The many 
peculiar genera described by Dr. Alcock, 
from the dredgings of the Investigator in 
the Bay of Bengal, belong to the bathybial 
or deep water series, and will all, doubt- 
less, prove to be forms of wide distribution. 

In the Atlantic, the chief center of dis- 
tribution is the West Indies; the second is 
the Mediterranean. On the shores to the 
northward or southward of these regions 
occasional genera have found their origin. 
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This is true especially of the New England 
region, the North Sea, the Gulf of Guinea 
and the coast of Argentina. The fish fauna 
of the North Atlantic is derived mainly 
from the North Pacific, the differences 
lying mainly in the lower richness of the 
North Atlantic. But, in certain groups 
common to the two regions, the migration 
must have been in the opposite direction ; 
exceptions that prove the rule. 


DISTRIBUTION OF FRESH- 


WATER 


REALMS OF 
FISHES. 

If we consider the fresh-water fishes 
alone we may divide the land areas of the 
earth into districts and zones, fairly agree- 
ing with those marked out for mammals 
and birds. The river-basin, bounded by 
its shores and the sea at its mouth, shows 
many resemblances, from the point of view 
of a fish, to an island considered as the 
home of an animal. The nature of the 
various barriers limiting species in river- 
basins I have elsewhere * fully discussed 
and need not consider it further here. It 
is evident that, with fishes, the differences 
in latitude outweigh those of continental 
areas, and a primary division into Old 
World and New World would not be ten- 
able. 

The chief areas of dispersion of fresh- 
water fishes we may indicate as follows, 
following essentially the grouping proposed 
by Dr. Gunther : + 


NORTHERN ZONE (ARCTIC AND TEMPERATE). 

With Dr. Gunther, we may recognize, 
first the Northern Zone, characterized famil- 
iarly by the presence of sturgeon, salmon, 
trout, white-fish, pike, lamprey, stickle- 
back and other species of which the genera 
and the species identical in 
Europe, Siberia, Canada, Alaska and most 
of the United States, Japan and China. 


often are 


Science Sketches: ‘The Dispersion of Fresh- 


water Fishes.’ 
t ‘ Introduction to the Study of Fishes.’ 
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This is subject to cross-division into two 
great districts, the first Europe- Asiatic, the 
second North American. These two agree 
very closely to the northward but diverge 
widely to the southward, developing a 
variety of specialized genera and species, 
and both of them passing finally, by de- 
grees, into the Equatorial Zone. 

Still another line of division is made by 
the Ural Mountains in the Old World and 
by the Rocky Mountains in the New. In 
both cases the Eastern region is vastly 
richer in genera and species, as well as in 
autochthonous forms, than the Western. 
The reason for this lies in the vastly greater 
extent of the river basins of China and the 
Eastern United States, as compared with 
those of Europe or the Californian region. 

Minor divisions are those which separate 
the Great Lake region from the streams 
tributary to the Gulf of Mexico; and in 
Asia, those which separate China from 
tributaries of the Caspian, the Black and 
the Mediterranean. 


EQUATORIAL ZONE, 


The Equatorial Zone is roughly indicated 
by the tropics of Cancer and Capricorn. Its 
essential feature is that of the temperature, 
and the peculiarities of its divisions are 
~aused by barriers of sea or mountains. 

Dr. Gunther finds the best line of separa- 
tion into two divisions to lie in the presence 
or absence of the great group of dace or 
minnows,* to which nearly half of the 
species of fresh-water fishes the world over 
belong. The entire group, now spread every- 
where except in the Arctic, South America, 
Australia and the islands of the Pacific, had 
its origin in India, from which its genera 
have radiated in every direction. 

The Cyprinoid division of the Equatorial 
Zone forms two districts, the Indian and 
the African. The Acyprinoid division in- 
cludes South America, south of Mexico. and 

* Cyprinide. 
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all the islands of the tropical Pacific lying 
to the east of Wallace’s line. This line, 
separating Borneo from Celebes and Bali 
from Lompoe, marks in the Pacific the 
western limit of Cyprinoid fishes, as well as 
that of monkeys and other important 
groups Of land animals. 
nized as very important in the distribution 
of land animals, coincides in general with 
the ocean current between Celebes and 
Papua, which is one of the sources of the 
Kuro Shiwo. 

In Australia, Hawaiiand Polynesia gen- 
erally, the fresh-water fishes are derived 
from marine types by modification of one 
sort or another. In no case,so far as I 
know, in any island to the eastward of 
Borneo, is found any species derived from 
fresh-water families of either the Eastern 
or the Western Continent. Of course, 
minor subdivisions in these districts are 
formed by the contour lines of river basins. 
The fishes of the Nile differ from those of 
the Niger or the Congo, or of the streams 
of Madagasear or Cape Colony, but in all 
these regions the essential character of the 
fish fauna remains the same. 


SOUTHERN ZONE. 
The third great region, the Southern 


Zone, is scantily supplied with fresh-water 


fishes, and the few it possesses are chiefly 


derived from modifications of the marine 
fauna or from the Equatorial Zone to the 
Three districts are recognized, 
Tasmanian, the New Zealand and the 
Patagonian. The fact that certain peculiar 
groups are common to these three regions 
has attracted the notice of naturalists. 


north. 


ORIGIN OF NEW ZEALAND FAUNA, 


In a critical study of the fish fauna of 
New Zealand,* Dr. Gill discusses the origin 
of the four genera and seven species of fresh- 
water fishes found in these islands, the prin- 
cipal of these genera ( Galaxias) being repre- 


‘*A Comparison of Antipodal Faune,’ 1887. 
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sented by nearly related species in South 
Australia and in Patagonia.* 

According to Dr. Gill, we can account for 
this anomaly of distribution only by sup- 
posing, on the one hand, that their ances- 
tors were carried for long distances in some 
unnatural manner, as (a) having been car- 
ried across entombed in ice, or (0) being 
swept by ocean currents, surviving their 
long stay in salt water, or else that they 
were derived (c) from some widely distrib- 
uted marine type now extinct, its descend- - 
ants restricted to fresh water. 

On the other hand, Dr. Gill suggests that 
as ‘community of type must be the expres- 
sion of community of origin,’ the presence 
of fishes of long-established fresh-water 
types must imply continuity or at least con- 
tiguity of land. The objections raised by 
geologists to the supposed land connection 
of New Zealand and Tasmania do not ap- 
pear to Dr. Gill insuperable. It is well 
known, he says, “ that the highest mountain 
chains are of comparatively recent geolog- 
ical age. It remains, then, to consider 
which is the more probable, (1) that the 
types now common in distant regions were 
distributed in some unnatural manner, by 
the means referred to; or (2) that they are 
descendants of forms once wide-ranging 
over lands now submerged.” After con- 
sidering questions as to change of type in 
other groups, Dr. Gill is inclined to postu- 
late, from the occurrence of species of the 
trout-like genus Galaxias, in New Zealand, 
South Australia and South America, that 
‘‘ there existed some terrestrial passage- way 
between the several regions at a time as late 
as the close of the Mesozoic period. The 
evidence of such a connection afforded by 
congeneric fishes is fortified by analogous 
representatives among insects, mollusca and 
even amphibians. The separation of the 
several areas must have occurred little later 
than the late Tertiary, inasmuch as the salt- 


* Galaxias, Neochanna, Prototroctes and Retropinna. 
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water fishes of corresponding isotherms 
found along the coast of the now widely 
separated lands are to such a large extent 
specifically different. In general, change 
seems to have taken place more rapidly 
among animals than fresh-water 
representatives of the same class.”’ 

It is not often that I have occasion to 
differ from Dr. Gill on a question in ich- 
thyology ; but, in this case, when one guess is 
set against another, it seems to me that the 
hypothesis first suggested, rather than the 
other, lies in the line of least logical resist- 
ance. I think it better to adopt provision- 
ally some theory not involving the existence 
of a South Pacific Antarctic Continent, to 
account for the distribution 
For this view I may give five reasons : 

1. There are many other cases of the sort 
equally remarkable and equally hard to ex- 
plain. Among these is the presence of 
species of paddle-fish and shovel-nosed 
sturgeon,* types characteristic of the Mis- 
sissippi Valley, in Central Asia. The pres- 
ence of one and only one of the five or six 
American species of pike + in Europe; of 
one of the three species of mud-minnow in 
Austria, | the others being American. Such 
cases occur all over the globe and must be 


marine 


of Galavias. 


explained, ifat all, on some hypothesis other 
than that of former land connection. 

2. The supposed continental extension 
should show permanent traces in greater 
similarity in tbe present fauna, both of 
rivers and The other fresh-water 
genera of the regions in question are differ- 


of sea. 


ent, and the marine fishes are more differ- 
ent than they could be if we imagine an 


ancient shore connection. If New Zealand 


and Patagonia were once united other 
genera than (Galaxias would be left to 


show it. 


* Seaphirynchus ( theshovel-nosed sturgeon ) and the 


paddle-fish ( Polyodon and Psephurus),. 


+ Esox lucius. 
| Umbra, the mud-minnow. 
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3. We know nothing of the power of 
Galaxias to survive submergence in galt 
water, if carried in a marine current. Ag 
already noticed, I have found young and 
old in abundance of the commonest of 
Japanese fresh-water fishes in the open sea, 
at a distance from any river. Thus far 
this species, the hakone* dace, has not 
been recorded outside of Japan, but it 
might well be swept to Korea or China, 
Two fresh-water fishes of Japanese origin 
now inhabit the island of Tsushima in the 
Straits of Korea. 

4. The fresh-water fishes of Polynesia 
show a remarkably wide distribution and 
are doubtless carried alive in currents. 
One river-goby + ranges from Hawaii to the 
Riu Kiu Islands. Another species,{ orig- 
inally perhaps from Brazil through Mexico, 
shows an equally broad distribution. 

5. We know that Galaxias with its rela- 
tives must have been derived from a marine 
type. It has no affinity with any of the 
fresh-water families of either continent, un- 
less it be with the Salmonide. The origi- 
nal type of this group was marine, and 
most of the larger species still live in the 
sea, ascending streams only to spawn. 

When the investigations of geologists 
show reason for believing in radical changes 
in the forms of continents, we may accept 
their conclusions. Meanwhile, almost 
every case of anomalies in the distribution 
of fishes admits of a possible explanation 
through ‘ the slow action of existing causes.’ 
Geologists will attach more weight to bio- 
logical data, if biologists refrain from in- 
sisting on theories which at the best are 
mere possible explanations, in the incom- 
plete state of our knowledge. 

Finally, I may repeat that real causes 
are always simple when they are once 
known. All anomalies in distribution 


* Leuciscus hakuensis. 
+ Eleotris fusca. 
t Awaous crassilabris. 








OcToBER 11, 1901.] 


cease to be such when the facts necessary 
to understand them are at our hand. 


DISTRIBUTING MARINE FISHES. 
The distribution of marine fishes must be 
indicated in a different way from that of 
the fresh-water forms. The barriers which 
limit their range furnish also their means 
of dispersion. In some cases proximity 
overbalances the influence of temperature ; 
with other forms, questions of temperature 
are all-important. 


PELAGIC FISHES. 
Before consideration of the coast lines, 
we may glance at the differences in vertical 
distribution. Many species, especially those 
in groups allied to the mackerel family, 
are pelagic—that is, inhabiting the open 
sea, and ranging widely within limits of 
temperature. In this series, some species 
are practically cosmopolitan. In other cases 
the genera are so. Each school or group 
of individuals has its breeding place, and 
from the isolation of breeding districts new 
species may be conceived to arise. The 
pelagic types have reached a species of 
equilibrium in distribution. Each type 
may be found where suitable conditions ex- 
ist, and the distribution of species throws 
little light on questions of distribution of 
shore fishes. Yet, among these species are 
all degreesof localization. The pelagic fishes 
shade into the shore fishes on the one hand 
and into the deep-sea fishes on the other. 


BASSALIAN FISHES. 

The vast group of bassalian or deep-sea 
fishes includes those forms which live be- 
low the line of adequate light. These, too, 
are localized in their distribution, and to a 
much greater extent than was formerly sup- 
posed. Yet, as they dwell below the influ- 
ence of the sun’s rays, zones and surface 
temperatures are nearly alike to them, and 
the same forms may be found in the arctic 
or under the equator. Their differences in 
distribution are largely vertical, some liv- 
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ing at greater depths than others, and they 
shade off by degrees from bathybial into 
semi-bathybial, and finally into ordinary 
pelagic and ordinary shore types. 

The fishes of the great depths are soft in 
substance, some of them blind, some of 
them with very large eyes, all black in 
color, and very many are provided with 
luminous spots or areas. A large body of 
species of fishes are semi-bathybial, inhabit- 
ing depths of 200 or 300 fathoms, showing 
many of the characters of shore fishes, but 
far more widely distributed. Many of the 
remarkable cases of wide distribution of 
type belong to this class. At such depths, 
red colors are almost universal, correspond- 
ing to the zone of red algw, and the colors 
in both cases are perhaps determined from 
the fact that the red rays of light are the 
least refrangible. 

A certain number of species are both 
marine and fresh water, inhabiting estuaries 
and brackish waters, while some more 
strictly marine ascend the rivers to spawn. 
In none of these cases can any hard and fast 
line be drawn, and some groups which are 
shore fishes of one region will be repre- 
sented by semi-bathybial or fluviatile forms 
in another.* 

LITTORAL FISHES. 

The shore fishes are in general the most 
highly specialized in their respective groups, 
because exposed to the greatest variety of 
selecting conditions and of competition. 
Their distribution in space is more definite 
than that of the pelagic and bassalian 
types, and they may be more definitely as- 
signed to geographical areas. 


* The dragonets, Callionymus, are shore fishes of 
the shallowest waters in Europe and Asia, but in- 
habit considerable depths in tropical America. ‘The 
sea-robins (Prionotus) are shore fishes in Massa- 
chusetts, semi-bathybial fishes at Panama. Often, 
arctic shore fishes become semi-bathybial in the tem- 
perate zone, living in water of a given temperature. 
A long period of cold weather will sometimes bring 
such to the surface. 
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DISTRIBUTION OF LITTORAL FISHES BY COAST- 
LINES, 


Their distribution is best indicated, not 
by realms or areas, but as forming four 
parallel series, corresponding to the four 
great north and south continental outlines. 
Each of these series may be represented as 
beginning at the north in the Arctic fauna, 
practically identical in each of the four 
series, actually identical in the two Pacific 
series. Passing southward, forms are ar- 
One by 
one in each series, the Arctic types disap- 


ranged according to temperature. 


pear; sub-arctic, temperate and semi-trop- 
ical types take their places, giving way in 
Antarctic 
The distribution of these is modi- 
fied by barriers and by currents, yet though 


turn to south-temperate and 


forms, 


genera and species may be different, each 
isotherm is represented in each series by 
certain general types of fishes. 

Passing southward, the two American 
series, the East Atlantic and the East Pa- 
cific, pass on gradually through temperate 
to antarctic types. These are analogous to 
those of the arctic, and in a few cases they 
are generically identical. The West Pacific* 
(East Asian) series is very much broken 


*The minor faunal areas of shore fishes may be 


grouped as follows: 


EAST ATLANTIC. EAST PACIFIC. WEST PACIFIC, 
Icelandic, 


British, 


Arctie, Arctic, 


Aleutian, Aleutian, 


Mediterranean, Sitkan, Kurile, 


Guinean, Californian, Hokkaido, 
Cape. San Diegan, Nippon, 
Sinaloan, Chinese, 


WEST ATLANTIC. Panaman, East-Indian, 


Greenlandic, Peruvian, Polynesian, 


New England,  Revillagigedan, Hawaiian, 
Virginian, Galapagan, Indian, 


Austroriparian, 
Floridian, 


Antillwan, 


Chilian, Arabian, 


Patagonian. Madagascarian, 
Cape, 

North Australian, 
Tasmanian, 

New Zealand, 
Antarctic. 


Caribbean, 
Brazilian, 
Argentinan, 


Patagonian. 
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by the presence of Australia, the East- 
Indies and Polynesia. The irregularities 
of these regions make a number of sub- 
series, which break up the simplicity ex- 
pressed in the idea of four parallel series. 
Yet the fauna of Polynesia is strictly East- 
Indian, modified by the omission or alter- 
ation of species, and that of Australia is 
Indian at the north, and changes to the 
southward much as that of Africa does. 
In its marine fishes, it does not constitute 
a distinct ‘realm.’ The East Atlantic 
(Europe-African) series follows the same 
general lines of change as that of the West 
Atlantic. It extends, however, only to the 
South Temperate Zone, developing no Ant- 
arctic elements. The relative shortness of 
Africa explains in large degree, as already 
shown, the similarity between the tropical 
elements in the two Old World series, as 
the similarity in tropical elements in the 
two American series must be due to a 
former depression of the connecting Isth- 
mus. The practical unity of the Arctic 
marine fauna needs no explanation in view 
of the present shore lines of the Arctic 
Ocean. 


EQUATORIAL FISHES MOST SPECIALIZED. 


In general, the different types are most 
highly specialized in equatorial waters. 
The processes of specific change, through 
natural selection or other causes, if other 
causes exist, take place most rapidly there 
and produce most far-reaching modification. 
As I have elsewhere stated, the coral reefs 
of the tropics are the centers of fish-life, the 
cities in fish-economy. The fresh waters, 
the arctic waters, the deep sea and the open 
sea, represent forms of ichthyic back woods, 
regions where change goes on more slowly, 
and in them we find survivals of archaic 
or generalized types. For this reason, the 
study in detail of the distribution of marine 
fishes of equatorial regions is in the highest 
degree instructive. 
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The study of the origin of the fish groups 
of Japan affords a fascinating index to its 
multifarious problems. 

Davip STARR JORDAN. 

STANFORD UNIVERSITY. 


THE LABORATORY TEACHING OF PHYS- 
IOLOG Y.* 

Tue student of physiology should per- 
form the classical experiments upon which 
the science rests. The writer of these 
papers has for several years endeavored to 
place the laboratory teaching of physiology 
within the reach of every school. To ac- 
complish this it is necessary that apparatus 
of precision be designed upon lines per- 
mitting its manufacture in large quantities 
at a small cost. The apparatus described 
below is believed to show progress in this 
direction. 





CG; 
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I. THE ARTIFICIAL EYE, 


The artificial eye (shown in section in 
Fig. 1, one fourth the actual size) consists 
of a wooden box the top of which is closed 
by laying upon it a piece of clear plate- 
glass. A circular opening in the front of 

* Porter, W. T.: Boston Medical and Surgical Jour- 
nal, Dee. 29, 1898. Philadelphia Medical Journal, 
Sept. 1, 1900. ‘ An Introduction to Physiology,’ Cam- 
bridge, 1900and 1901. ‘ Experiments for Students in 
the Harvard Medical School,’ Second Series, Cam- 
bridge, Jan., 1901. Third Series, Cambridge, May 
1901. 
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the box admits the rays from a lantern or 
other source oflight. This circular window 
may be closed by a clear glass plate or by any 
of the several diaphragms described below. 
Two pins, one at the side and one below 
the opening, are so placed that when the 
diaphragm rests against them its aperture 
will lie in the axis of the optical system. 
The lenses and mirrors employed with the 
box are mounted in square wooden blocks, 
to protect them from injury. When the 
side of the wooden block is placed against 
the ‘ rabbit strip’ shown at the lower inside 
angle of the box the center of the lens or 
mirror mounted in the block will lie in the 
optical axis. The rays of lightentering the 


box are made visible by the fumes of Japan- 
ese incense, a small stick of which is lighted 
and placed in a hole in a cork upon which 
fits a tin cylinder shown in Fig. 1. 





The optical lantern and artificial eye. 


The optical lantern consists of a sixteen- 
candle-power electric lamp, with small 
spiral filament, mounted in a wooden box 
pierced with holes which permit thorough 
ventilation but do not allow the escape of 
light to disturb the observer. The lantern 
box is provided with a condensing lens and 
two focusing lenses mounted in draw tubes 
which may be easily removed. The slot 
for the diaphragms is furnished with a stop 
so placed that when the diaphragm is 
shoved against it the aperture of the 
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diaphragm will lie in the optical axis. 
When the focusing tubes are removed the 
lantern may be mounted on a stand by 
means of a brass ring with set screws, and 
then serves admirably for ophthalmoscopic 
or laryngological work. 

The following lenses, diaphragms, etc., 
are provided for the experiments in physio- 
logical optics made by first-year students in 
the Harvard Medical School. Convex lens, 
focus; convex lens, twenty 
concave lens, twenty inches 
focus; astigmatic cylinder, twenty inches 
focus ; astigmatic cylinder, five and a half 
inches focus ; mirror, convex on one side, 
concave on other, one inch focus; plain 
mirror; diaphragm with circular aperture 
two millimeters in diameter; diaphragm 
with vertical and horizontal slits; dia- 


four inches 


inches focus: 


Fig. 2, 
phragm with L-shaped slit; clear-glass 
ground-glass slide; wooden screen 
to serve as retina ; square bottle filled with 
eosin solution, to study refraction. 

With this apparatus reflection and refrac- 
tion plain and spherical surfaces, 
spherical and chromatic aberration, astig- 
matism, myopia, and hypermetropia may 
be studied. A special dark room is not 


slide: 


from 
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The circulating scheme. 
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necessary. The light rays are very distinct 
in any room after sunset. A hundred or 
more students may work in the same lab- 
oratory. If a focusing-cloth or other 
screen be used, the observations may be 
made in daylight. 


Il, THE CIRCULATION SCHEME, 


The artificial scheme (Fig. 2) to illus- 
trate the mechanics of the circulation in 
the highest vertebrates consists of a pump, 
a system of elastic tubes, and a peripheral 
resistance. The inlet and outlet tubes of 
the pump are furnished with valves that 
permit a flow in one direction only. The 
peripheral resistance is the friction which 
the liquid undergoes in flowing through the 
minute channels of a piece of bamboo. To 
this must be added the slighter resistance 








due to friction in the rubber and glass 
tubes. 

In this system the pump represents the 
left ventricle; the valves in the inlet and 
outlet tubes the mitral and aortic valves, 
respectively ; the resistance of the channels 
in the bamboo the resistance of the small 
arteries and capillaries. The tubes between 
the pump and the resistance are the arte- 
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ries; those on the distal side of the resist- 
ance are the veins. The side branch sub- 
stitutes a wide channel for the narrow ones 
and thus is equivalent to a dilatation of 
the vessels. Between the pump and the 
outlet valve is a side tube leading to a 
membrane manometer which records the 
changes in the pressure within the pump 
(the loss in conveying the pressure through 
the short wide connecting tubes may be neg- 
lected). A mercury manometer is placed 
between the pump and the capillary resist- 
ance, to measure the arterial pressure, and 
a second mercury manometer on the distal 
side of the capillary resistance to measure 
the venous pressure. 

The device used for the aortic valve is 
shown in Fig. 3. A small glass tube is 
fastened in a larger glass tube by a collar 
of rubber tubing. The small glass tube is 
closed at one end. One side is pierced 
with a valve hole. The valve hole is closed 
by a piece of rubber tubing which is drawn 
over the small glass tube, and the middle 
portion of the rubber tubing is cut away 











Fic. 3. The modified Williams’ valve of the cir- 
culating scheme. 


except over the hole. During the stroke 
of the pump the water enters the small 
glass tube under pressure, lifts the rubber, 
escapes through the valve hole, and is car- 
ried off by the large glass tube. When the 
pressure in the small glass tube is no longer 
as great as that in the surrounding large 
glass tube the rubber shuts the valve-hole. 
Backflow is thus prevented. The mitral 
valve is similar to the aortic, but the posi- 
tion of the small glass tube is reversed. 
With this apparatus the physical phe- 
nomena of the circulation may be learned 
thoroughly. The conversion of the inter- 
mittent into a continuous flow, the relation 
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- between rate of flow and width of bed, the 


relation of peripheral resistance to blood- 
pressure, the inhibition of the ventricle, the 
opening and closing of the aortic valve, the 
period of outflow from the ventricle, the 
pulse wave, the physical phenomena of the 
circulation in fevers and in aortic and mitral 
regurgitation and stenosis, may all be 
studied by the graphic method. Excellent 
pulse curves may be obtained by placing a 
sphygmograph upon the aortic tube. 

I first described the circulation scheme in 
‘ The Introduction to Physiology,’ January, 
1900. Its use during two years by large 
numbers of students in the Harvard Medical 
School has suggested certain changes which 
enable the apparatus to be more quickly put 
together. In making these changes I have 
been much helped by the criticism of Mr. 
F. H. Pratt, Dr. W. B. Cannon and others 
of my associates.* The accompanying fig- 
ures show the most recent form of the ap- 
paratus. 


Ill, THE MOIST CHAMBER. 


The moist chamber, shown in Fig. 4, pro- 
vides for the study of the electrical proper- 
ties of nerve and muscle under conditions 
that prevent the stimulation caused by dry- 
ing. It consists of a porcelain plate which 
bears near the margin a shallow groove. In 
this groove rests a glass shade which for the 
sake of clearness has been omitted from 
Fig. 4. To the porcelain plate is screwed 
a rod, by which the plate may be supported 
on a stand. Within the glass shade a right- 
angled rod carries a small clamp, composed 
of a split screw on which moves a nut, by 
means of which the femur of a nerve muscle 
preparation may be firmly grasped. The 
holder for the split screw is arranged to 
permit of motion in all directions. The 
right-angled rod also carries two or more 
unpolarizable electrodes. Each of these is 


* To Mr. Pratt’s skilful hand Iam indebted for the 
drawings from which Fig. 2 and Fig. 3 were made. 
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borne by a spring clip. On compressing its 
projecting ends the clip no longer presses 
against the rod, but may be moved from side 
to side or revolved upon its axis. The elec- 
trodes are made of potter’s clay, skilfully 
fired, and are unglazed except where they 
are grasped by the spring clip. They have 
the shape of a boot. By turning the leg of 
the boot in the clip the foot may be brought 
as near the foot of the neighboring electrode 
as may be desired. On placing the boot in 
normal saline solution the porous clay 
rapidly absorbs the indifferent liquid. The 
hollow leg of the boot is then half filled with 
saturated solution of zine sulphate and 





The moist chamber, with spring clips and 


Fia. 4. 
unpolarizable boot electrodes. 


placed in the clip. A thick wire of amal- 
gamated zinc, provided at one end with a 
hole in which a connecting wire may be 
fastened with a set-screw, is placed in the 
leg of the boot, and the other end of the 
connecting wire brought to one of the four 
binding posts shown in Fig. 4. These four 
posts are in electrical connection with four 
other posts beneath the porcelain plate. 
The boot electrodes are unpolarizable. 
They serve equally well for leading off the 
nerve or muscle current to the electrometer 
and for stimulation. They are easily 
cleaned and are far more convenient than 
the electrodes of glass and clay or plaster of 


Paris. 
WiILitiAM TownsEeND PORTER. 
HARVARD MEDICAL SCHOOL, 
September 20, 1901. 
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ANDREW ELLICOTT DOUGLASS. 

AnpREW Exuicotr Dovue.Lass died on 
September 30 in his eighty-second year. 
Anthropological science has thus lost a 
sincere friend. Mr. Douglass was born at 
West Point, New York, on November 18, 
1819. He was the son of Major David 
Bates Douglass, and his mother was a 
daughter of Andrew Ellicott, professor of 
mathematics at West Point. 

Mr. Douglass graduated from Kenyon 
College in 1838 and received the degree of 
A.M. in 1841. On completing his under- 
graduate course he engaged in business, 
being connected with the firm afterwards 
known as the Hazard Powder Company. 
In 1867 he became president of the com- 
pany and retired nine years later from a 
successful business career. 

Since 1876 Mr. Douglass devoted much 
of his time to the study of the Indian arti- 
facts of the United States. He spent ten 
winters cruising along the Floridian coast, 
locating over fifty Indian mounds, many of 
which he excavated. For his study Mr. 
Douglass brought together an excellent 
library relating to American archeology 
and made a synoptical collection of over 
22,000 specimens, which latter he presented 
to the American Museum of Natural His- 
tory during the present year. This col- 
lection of implements is arranged in various 
special classes irrespective of geographical 
distribution with the purpose of solving 
the theory of their use. Mr. Douglass be- 
lieved, however, in the geographical method 
of arrangement, but that both methods 
were necessary. <A series of over a thou- 
sand hematite objects in the col'ection 
constitutes what is perhaps a unique 
feature. The collection is most carefully 
catalogued and cross-referenced as might be 
expected by those who knew Mr. Douglass’s 
painstaking business method. 

Mr. Douglass was a member of the Met- 
ropolitan Museum of Art and a patron of 
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the American Museum of Natural His- 
tory. He was a fellow of the Ameri- 
ean Association for the Advancement of 
Science since 1885, and attended the 
Section of Anthropology. He was also 
enrolled as a@ member of the Linnzan So- 
ciety, the Numismatic and Archeological 
Society, the Anthropological Society of 
Washington and the American Geograph- 
ical Society, as well as being a life member 
of the Anthropological Society of Paris. 
At the time of his death he was the oldest 
living member of the American Ethno- 
logical Society. 

Mr. Douglass’s most recent contribution 
to the literature of anthropology appeared 
as Article X. in Vol. VIII. of the Bulletin 
of the American Museum of Natural History. 
This paper was entitled ‘A Table of the 
Geographical Distribution of American 
Indian Relies ‘in a Collection exhibited in 
the American Museum of Natural History, 
New York,’ with explanatory text. 

Although suffering from an infirmity of 
old age, Mr. Douglass was enthusiastic and 
cheerful to the last. He was a man of 
great patience, charitable to those who 
differed from him in opinion and of a 
gentle and courteous nature. 

HARLAN I. Smira. 


SCIENTIFIC BOOKS. 
SOME RECENT WORKS ON MECHANICS. 


Theoretical Mechanics. An elementary text- 
book. By L. M. Hoskins, Professor of Ap- 
plied Mathematics in the Leland Stanford 
Junior University. Published by the author, 
Stanford University Bookstore, agent. 1900. 
8vo. Pp. ix + 436. 

The Principles of Mechanics. An elementary ex- 
position, for students of physics. By FRED- 
ERICK SLATE, Professor of Physics in the 
University of California. Part I. New 


York, The Macmillan Company; London, 
Macmillan and Company, Limited. 
12mo. 


1900. 
Pp. x + 299. 
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Theoretical Mechanics. An elementary treatise. 
By W. Woo.tsey JOHNSON, Professor of 
Mathematics, U. S. Naval Academy. New: 
York, John Wiley and Sons; London, 
Chapman and Hall, Limited. 1901. 
Pp. xv + 424. 

Ad, Wernickes Lehrbuch der Mechanik in ele- 
mentarer Darstellung mit Anwendungen und 
Ubungen aus den Gebieten der Physik und 
Technik. In zwei Teilen. Erster Teil, 
Mechanik fester Korper, von Dr. ALEX. 
WERNICKE. Vierte vollig umgearbeitete Au- 
flage. Erste Abteilung, Einleitung—Phoro- 
nomie—Lehre vom materiellen Punkte. 8vo. 
Pp. xv+ 314. Zweiter Teil, Flissigkeiten 
und Gase, von RICHARD VATER. Dritte 
vollig umgearbeitete Auflage. S8vo. Pp. 
xii + 374. Braunschweig, Friedrich Vieweg 
und Sohn. 1900. 

Of the production of books, and g od books, 
on the science of mechanics the end is not yet 
in sight. The first three works on our list fall 
into the same class. Each of them purports to 
give an elementary exposition only of the 
science, each is a good specimen of book-mak- 
ing, and each is supplemented by an index. 
They differ from one another, however, in 
several important respects ; and their character- 
istic differences reflect clearly, it would appear, 
the points of view of the authors. Thus, Pro- 
fessor Hoskins has in mind mainly the needs of 
the progressive and aggressive engineer, and 
seeks at the same time to avoid the narrower 
demands of specialists. Professor Slate looks 
at the subject as a physicist, with a keen ap- 
preciation of the broader aspects of the science 
and the critical examination its principles have 
received from recent writers like Maxwell, 
Mach and Love. Professor Johnson, on the 
other hand, with perhaps a deeper sense of the 
difficulties to be encountered by the student, is 
somewhat conservative, and follows more 
closely the methods which have proved so ef- 
fective in the works of the great analysts. 

Singularly enough, the definitions of me- 
chanics given by these authors are very much 
alike, and all of them are somewhat old- 
fashioned. Hoskins says, ‘‘ Mechanics is the 
science which treats of the motions of material 
bodies ’’; Slate says, ‘‘ The science of Mechanics 


12mo., 
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is concerned with the physical phenomena in- 
volved in motion ’’ ; while Johnson says, ‘‘ Me- 
chanics is the science which treats of the motions 
of material bodies, and the causes of these mo- 
tions.’’ Definitions of the science, however, are 
not very important to the elementary student. 
He must know the subject pretty well before 
he can appreciate a definition of it. All such 
definitions as those just cited, need, as their 
authors doubtless anticipated, much supple- 
mentary explanation in the light of the student’s 
enlarged experience. 

Professor Hoskins follows the historical de- 
velopment of the subject and gives to statics 
first place, passing on thence to kinematics and 
kinetics. Professor Slate adopts the modern, 
more logical, order of presentation beginning 
with kinematics. Professor Johnson follows 
more closely the Newtonian method, starting 
with dynamics and passing on to statics and 
kinetics, kinematical principles being explained 
as needed chiefly. There is much to be said in 
favor of each of these methods ; and for the be- 
ginner either method is effective with the aid 
of a good teacher; but with proper preliminary 
training the modern method, introduced by 
Kelvin and Tait, would seem to be most advan- 
tageous. 

The theory of dimensions, which helps more 
than anything else to give clearness to ideas in 
mechanics, is explained and freely used in the 
works of Professors Hoskins and Slate, but it is 
unfortunately omitted from the work of Pro- 
fessor Johnson. The need of this theory is 
shown at several points in the latter work ; for 
example, on p. 126, where the phrase ‘inten- 
sity of pressure’ occurs, and on p. 268, where 
the equally cumbersome phrase ‘intensity of 
force’ oceurs. Both of these phrases, which 
are now happily obsolescent, are here used by 
the author in a very puzzling way. Com- 
monly ‘intensity of pressure’ means force di- 
vided by area, or stress in the more recent 
use of the latter term. Commonly, also, ‘ in- 
tensity of force’ means force divided by mass, 
or acceleration. But these are not the senses 
in which Professor Johnson has used these 
phrases. 

Without constant appeal to the theory of di- 
mensions it is very difficult for the most careful 
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authors to avoid ambiguity of language. Thus, 
to cite an illustration from the work of Profess- 
or Hoskins, take his equation (1), p. 194, speci- 
fying simple harmonic motion, namely, 


2 —=— kz, 


wherein the first member means acceleration 
and x isadistance. The constant k, then, must 
be the reciprocal of the square of atime. But 
Professor Hoskins says that & is ‘ written for the 
attractive force per unit mass at unit distance 
from 0’ (the origin) ; a statement immediately 
contradicted and corrected by the theory of di- 
mensions. There isa more refined obscurity in 
Professor Hoskins’ articles 177, 178, wherein 
the gravitation constant isinvolved. It appears 
from these articles that the force of gravitation, 
like ‘electric force’ and ‘electromotive force,’ 
may be different from the force considered else- 
where in the book. 

Nearly all the older works on mechanics 
are marred by such obscurities as those noted 
above. The gravitation constant has been er. 
roneously defined by many eminent authors, 
and some of our best works, in the French and 
German languages especially, are disfigured by 
the introduction of forces of more than one 
species. It is high time that all such obscurities 
and ambiguities, so easily detected by the theory 
of dimensions, were banished from mechanics. 

In connection with this subject of clear and 
definite terminology attention should be called 
to Professor Johnson’s revival of the use of the 
term ‘force of inertia’ and to Professor Hos- 
kins’ use of the term ‘effective forces.’ These 
are properly going, if not wellnigh gone, out 
of fashion. They seem doomed to be replaced 
by the more suggestive term ‘kinetic reaction,’ 
or ‘mass reaction.’ The word ‘inertia’ is re- 
sponsible for a deal of difficulty in mechanics, 
and it seems well to follow the example set by 
Maxwell in his Matter and Motion, and use in- 
ertia very sparingly, if at all, except in the set 
phrase ‘moment of inertia.’ It appears worth 
while also to note that all the works in ques- 
tion define the term ‘ stress’ in its earlier sense, 
assigned to it by Rankine. The more recent 
sense of the word, especially appropriate and 
useful in elasticity and hydromechanies, is 
force per unit area; that is, force divided by 
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area. This rather than the original meaning 
of the term seems destined to persist. 

The work of Wernicke is likewise intended 
for elementary students, and was evidently 
prepared for home use especially, since it is 
printed in German type. It is far too detailed 
a work, as may be inferred from the title page, 
not all of which is quoted above, to meet with 
favor, except in reference libraries on this side of 
the Atlantic. The authors leave little room for 
play of the student’s imagination and less room 
for the development of his originality. Every- 
thing is explained in extenso, and often in a 
provokingly complicated or inelegant fashion. 
The beautifully drawn diagrams convey too 
much information; and the many numerical 
examples seem well calculated to obscure 
rather than to illustrate salient principles. 
The work is one of the happily passing texts 
that try to present mechanics with little or no 
use of the calculus, and thus waste a deal of the 
student’s time. There is much useful informa- 
tion in the volumes, however, and they may 
prove handy for those who cannot bring an 
adequate preparation to the subject. 

The first volume is devoted to mechanics 
proper and gives an elementary view of the 
principles applicable to rigid bodies, with many 
applications to machinery. The second volume 
treats of gases and liquids, with applications to 
pumps, injectors, water motors, ventilators, ete. 
The second volume is supplied with a good index, 
but the first volume has none. R. 8. W. 


Vater Filtration Works, By JAMES H. FUERTEs, 
M. Am, Soe. C. E. New York, John Wiley 
& Sons; London, Chapman & Hall, limited. 
Cloth, 5 8in. 19 plates and 45 figures in 
the text. 1901. Price, $2.50. 

In this work the author has discussed in a 
clear and very readable form the theory and 
practice of water filtration as it stands to-day. 
As preliminary to the subject proper the author 
devotes a short chapter to a brief statement of 
the relation of typhoid fever to polluted water 
supplies, and discusses the various processes of 
natural purification and the means of protecting 
surface waters from pollution. The great value 
of filtration as a means of purification is also 
here set forth. Chapter II. deals with intakes 
and sedimentation basins. The former subject 
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is treated very briefly and mainly with refer- 
ence to questions pertaining to quality; the 
latter subject is treated quite fully, as is quite 
proper in a work on filtration, since clarifica- 
tion by sedimentation is very frequently an im- 
portant part of the purification process. 

Following these two chapters is a full discus- 
sion of the subjects of slow sand-filtration and 
rapid or mechanical filtration, in each case the 
underlying theory being first set forth and then 
matters pertaining to the design, construction 
and operation of works. In Chapter VII. are 
given the author’s conclusions as to the relative 
advantages of the two systems, together with 
suggestions as to possible combinations. A 
few pages are also devoted to a very brief 
consideration of minor processes of filtration. 
It was doubtless proper to omit any considera- 
tion of household filters, but in a special work 
of this kind it would seem that a fuller treat- 
ment of the use of filters in the removal of 
color and of iron in solution might have been 
desirable. A brief chapter on filtered-water 
reservoirs completes the volume. 

A noteworthy feature of the work is the full 
and valuable data relating to the operation of 
filter plants and settling basins. The design- 
ing engineer will also find convenient the nu- 
merous conversion tables and diagrams con- 
tained therein. The book is well illustrated by 
half tones: showing interesting phases of con- 
struction and operation, and by well-executed 
cuts of details, particularly of filter-regulating 
devices. As a whole, the work places before 
the engineer a good summary of the latest in- 
formation on this important subject, and at the 
same time presents the matter in a way to be of 


interest to the general reader. 
F. E. TURNEAURE. 





DISCUSSION AND CORRESPONDENCE. 


Is IT NOT TIME THAT THE TITLE ‘ PROFESSOR 
OF AGRICULTURE’ SHOULD GO OUT OF USE? 


In most of our State institutions, known gen- 
erally as Agricultural and Mechanical Colleges 
or Land Grant Colleges, we have what is known 
as ‘the Agricultural Department, together with 
other Departments of the College, as, for ex- 
ample, the Mechanical, Civil and Electrical 
Engineering Departments, the Chemical, Bio- 
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logical Departments, ete. In some states where 
these institutions have merged into or connected 
themselves with State Universities, many more 
departments are present. The _ institutions 
there have a larger significance, and instead of 
terming the various lines of work as depart- 
ments, they are designated as Colleges. Cor- 
nell University, for example, is made up of the 
Colleges of Agriculture, Law, Medicine, Engi- 
neering, etc. Each college goes to make up the 
university and each department goes to make 
up a college. 

There seems to have been a tendency in the 
evolution of the Colleges of Law, Medicine, 
Engineering, etc., to recognize the fact that to 
have just one chair, designated as that of law, 
medicine or engineering, was to all purposes of 
reasoning ambiguous. The titles of professor 
of law, professor of medicine or professor of 
engineering therefore are not commonly used. 
In most cases the title designates explicitly the 
particular department, as, in law, professor of 
equity jurisprudence and law of real prop- 
erty, professor of commercial law, etc., in 
medicine, professor of clinical medicine, pro- 
fessor of dermatology, etec., in engineering, 
professor of mechanical, electrical, civil, 
marine, mining, etc., engineering. 

The School or College of Agriculture seems to 
be alone in not having abandoned a custom long 
since recognized by others as obsolete. The 
title of ‘ professor of agriculture’ is not explicit 
enough. Where in years past one man taught 
everything of economic importance in regard to 
plants and animals, to-day there are a number of 
well-defined departments. Instead of the pro- 
fessor of agriculture, we have the professor of 
agronomy, soil physics, animal industry, hor- 
ticulture, forestry, ete. 

In the modern institution, as in the Univer- 
sity of Illinois, we find no professor of agricul- 
ture and it is readily seen that there is little 
need for such. It is believed that, in the 
future, when the fact of its misapplication is 
thouroughly understood, this custom, now so 
common, will go out of use. 


FRANK Wm. RANE, 


THE NEW HAMPSHIRE COLLEGE, 
DEPARTMENT OF HORTICUL- 
TURE AND FORESTRY. 
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THE WASHINGTON MEMORIAL INSTITUTION AND 
A NATIONAL UNIVERSITY. 

THE article by the Hon. John W. Hoyt, chair- 
man of the National University Committee, pub- 
lished in the issue of SCIENCE for last week, may 
properly be the subject of a few words of com- 
ment from one who would welcome the estab- 
lishment of a University of the United States 
and who at the same time regards the Wash- 
ington Memorial Institution as the most im- 
portant movement in this direction that is 
feasible at the present time. I am the more 
inclined to make these comments because Dr. 
Hoyt quotes from an article written by me 
four or five years ago without, as it seems to 
me, giving its full intention. I am quoted, for 
example, as remarking that ‘all the argu- 
ments which have been urged against the 
establishment of a national university turn out 
to bein its favor.’ The passage from which 
these words are taken reads as follows : 


From a theoretical point of view it would seem 
that all the arguments which have been urged against 
the establishment of a national university turn out to 
be in its favor. The cost, the incompetence of govern- 
ment and the claim that existing universities suffice 
are, however, practical difficulties which we do not 
underestimate. Indeed, these are so evident that 
we should regard it as useless to advocate the imme- 
diate establishment of a great national university. 
We rather hope for a gradual growth from the na- 
tional institutions already existing at Washington. 
We have there great libraries, museums and labora- 
tories, able investigators engaged in advancing pure 
and applied science, and younger men learning from 
them the methods of research. These are the es- 
sentials of a university. 


The establishment of the Washington Me- 
morial Institution seems to be a most happy 
compromise between those who oppose and 
those who advocate the immediate establish- 
ment of a national university. Dr. Hoyt in 
criticising this institution probably does not rep- 
resent the majority of the committee of which 
he is chairman. President Harper was chair- 
man of the committee of the Nationai Council 
of Education which endorsed the institution, 
and he doubtless regards it as the beginning of 
a national university. Other members of the 
committee may wish to confine the functions of 
the institution to those at present outlined, but 
time and the course of events will, in my opin- 
ion, prove irresistible forces. The best and 
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most stable results are usually secured through 
oradual evolution, and the Washington Mem- 
orial Institution can grow as rapidly as circum- 
stances permit. Should there be a congres- 
sional cataclysm in favor ofa national university, 
«a foundation will be at hand which will obviate 
the necessity of erecting castles in the air. 

The action of the National Council of Edu- 
cation in somewhat brusquely setting aside the 
report of its committee, and that of the Na- 
tional Educational Association in affirming its 
position in favor of a national university, cer- 
tainly represent a strong trend of opinion. More 
especially are the representatives of the great 
State universities in favor of a national univer- 
sity, and these universities are the allies of the 
future. We are in the midst of conditions that 
have not existed elsewhere or heretofore. Our 
privately endowed colleges and universities 
originated largely in sectarian enthusiasm, 
and are still in large measure supported by ad- 
herents of special religious denominations. 
The unexampled gifts of rich men for public 
education have undoubtedly tended to maintain 
the stability of society and have bridged over 
the interval required for the people to learn the 
importance of higher education for the com- 
mon good. But we shall not always depend 
on the charity of the rich, nor will our univer- 
sities always be administered by business men. 
Pennsylvania, Johns Hopkins and Cornell are 
turning to the State for help; Harvard, Yale 
and Columbia must do the same if their pres- 
tige is to be maintained. 

The obvious outcome of democratic institu- 
tions is the support of education by the people. 
We have district schools, city colleges and state 
universities. We shall have a University of 
the United States. It may come suddenly, but 
it is far more likely to result from the gradual 
development of the Washington Memorial In- 
stitution. J. MCKEEN CATTELL. 





SHORTER ARTICLES. 

SOME OBSERVATIONS BEARING ON THE PROB- 
ABLE SUBSIDENCE DURING RECENT GEO- 
LOGICAL TIMES OF THE ISLAND OF 
SANTA CATALINA OFF THE COAST 
OF SOUTHERN CALIFORNIA. 


In the course of the dredging operations car- 
ried on along the coast of southern California 
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by the Zoological Department of the University 
of California, during the past summer, obser- 
vations were made incidentally of such obvious 
geological interest that I feel justified in going 
outside my own province to record them. 

While dredging in forty-five fathoms about 
three-quarters of a mile off Long Point, on 
the north side of Santa Catalina Island, the 
dredge brought up large numbers of cobble 
stones varying in size from a sparrow’s egg to 
aman’s head. Most of them were very smooth 
and round, though they were covered by a thick 
coating of encrusting bryozoa, worm tubes, 
ascidians, chitens, sponges, etc., showing them 
to have remained undisturbed for a long period. 

They were entirely similar in material and 
shape and size to the cobbles composing the 
shingle of many of the little beaches on dif- 
ferent parts of the island, e. g., that at Avilon 
near by. 

That they came from a submerged beach was 
a suggestion so obvious as not to escape any of 
those on board the launch, in spite of the fact 
that there was not a geologist among us, and 
hence no one greatly familiar with the geological 
history of the region, and consequently pre- 
pared to put such an interpretation on what we 
saw. 

When, however, we came to consider the 
matter in the light of facts of a wholly different 
character well known to geologists, and under- 
stood by them to testify that the island has 
been sinking beneath the waters of the Pacific 
in recent geological time, there would seem to 
be little doubt that at no very remote date in 
the past, geologically speaking, the shore line of 
the island at the point from which these stones were 
taken was from three-quarters of a mile to a mile 
out to sea from its present position. 

The subject is so interesting as to make it 
worth while to present in outline the evidence 
from other sources tending to show that a sub- 
sidence of the island has taken place even if it 
is not still in progress. 

It is now generally admitted among geolo- 
gists, I believe, that San Pedro Hill on the 
mainland has emerged from the sea and been 
elevated to its present height, 1475 feet, since 
Post-Pliocene times. The hill, particularly on 
its seaward slope, is laid off into a succession 
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of remarkably clear-cut steps, or benches, one 
above another, to the number of ten in all, 
according to Professor Lawson. On approach- 
ing it from the sea one’s imagination easily 
makes it the terraced grounds ages ago deserted 
and fallen into ruins, of one of Cronus’ country 
seats before that crafty monarch was over- 
thrown by all-powerful Zeus. 

Professor A. C. Lawson* has brought forward 
arguments that are, I should think, conclusive, 
in support of the view that these steps are 
marine wave-cut terraces; that they mark the 
position of the ocean strand at successive peri- 
ods during the elevation of the hill. 

The island of San Clemente, 1,964 feet high, 
lying sixty miles to the southwest of San Pedro 
Hill, is very similar to it in topographical fea- 
tures, particularly as regards the terraces, the 
chief difference being that the terraces of the 
island are more sharply defined and more nu- 
merous than those of the Hill. The evidence 
is, then, that both the mainland of the coast, 
and San Clemente island emerged simultane- 
ously from the sea. 

Now the island of Santa Catalina, lying mid- 
way between the two, is wholly different from 
either of them topographically. It is a moun- 
tain mass as bold and jagged as one often sees, 
and terraces are entirely wanting. ‘The same 
sally of the imagination that makes San Pedro 
Hill the country seat of King Cronus makes 
Santa Catalina Island the site of his castle ; for 
not only have we here the rock upon which the 
castle stood, but in San Pedro channel, a hun- 
dred fathoms deep at not much beyond an ar- 
row’s flight from the rocky walls, we have also 
the moat of the castle. 

The contrast between Catalina and the two 
land masses between which it is situated can- 
not be better brought out than by Professor 
Lawson’s own words: ‘‘In all the physio- 
graphic wonderland of Southern California,’’ 
he writes, ‘‘ there is probably nothing more 
surprising than the contrast which the topog- 
raphy of Santa Catalina presents to that of 
both San Pedro Hilland San Clemente. Lying 


** The Post-Pliocene Diastrophism of the coast of 
Southern California,’ Bulletin of the Department of 
Geology, University of California, Vol. I., No. 4, 
1893.’ 
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midway between the two latter insular masses, 
in the same physiographic province, and af- 
fected by the same climatic conditions, Santa 
Catalina might, @ priori, be supposed to differ 
from these but little in the character of its land 
sculpture. This supposition proves, however, 
to be fallacious. The difference between the 
aspect of the island and that of the two other 
neighboring insular masses is amazing, and the 
hypothesis which we are forced to entertain to 
account for it, is correspondingly startling.’’ 

The writer then proceeds to bring forward 
cogent arguments in support of the proposition 
that ‘‘ Santa Catalina was a land-mass, subject to 
the forces of subaerial degradation, at the time 
when San Pedro Hill and San Clemente began to 
emerge from the waters of the Pacific, in Post- 
Pliocene time.”’ 

But not only this. He finds further strong 
evidence, on physiographic grounds alone, that 
not only was the island full-born when the 
neighboring land masses began to emerge from 
the sea, but that while the latter have been 
undergoing elevation Catalina itself has been 
subject to a process of submergence. 

In this latter view the author is defending a 
suggestion made by Dr. J. G. Cooper, the pioneer 
California naturalist who explored the island in 
1863 as geologist of the California State Geo- 
logical Survey. 

With the addition of the evidence produced 
by our dredgings this summer to that brought 
forward by Professor Lawson, it would seem 
that the subsidence hypothesis reaches well 
nigh a demonstration. 

It should be said that some of the fishermen 
at Avalon have known for a number of years of 
the existence of this particular bed of cobble 
stones, and it is asserted by them that the bed 
extends out to seventy-five fathoms. 

Time would not permit us to trace out the 
full extent of bed. Similar cobbles were 
brought up at other points around the island, 
though not so abundantly as here ; but it should 
be stated that most of our work here was done 
with the beam trawl, as this was found better 
adapted to our biological work. It is, however, 
much less likely to pick up such stones than is 
the dredge. 

It is highly probable that careful dredging 
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with this as the primary object will discover 
similar evidence of submerged shingle beaches 
at many other points around the island. 


Wma. E. RITTER. 


UNIVERSITY OF CALIFORNIA, 
Sept. 7, 1901. 


ZONE OF MAXIMUM RICHNESS IN ORE BODIES, 


For a long time, and among many mining 
people, the theory has prevailed that ore de- 
posits have been derived from the interior of 
the earth, the mineral materials being carried 
upward to the surface by means of heated 
solutions. As a result, a maxim has been es- 
tablished that ore bodies necessarily get richer 
as depth increases. The fact that many excep- 
tions have been found to this rule is ascribed to 
peculiar local conditions. 

Aside from the bare statement of the general 
rule, no limitations have been formulated by 
the mining men. It has remained for the 
geologists to reach measurable results regarding 
the relative richness of ore bodies at varying 
depths. The results are not only very satis- 
factory, but they are totally at variance with 
the commonly assumed formulz. Late investi- 
gations demonstrate, both theoretically and 
practically, that the problem has been wholly 
misunderstood by miners; and that the so- 
called empirical rule has very decided limi- 
tations, 

Contrary to opinions heretofore generally 
held, many, if not most, ore bodies are believed 
not to be formed by the materials coming up in 
a superheated condition from great depths to 
the surface of the earth. Revolutionary as it 
may seem to many who have not followed care- 
fully the trend of recent investigation, it appears 
to bea fact, nevertheless, that ore bodies are to 
be regarded as deposits formed very near the 
surface of the earth’s crust; or, to be more 
precise, formed only in that thin outer part of 
the zone of the lithosphere which geologists are 
pleased to call the zone of fracture. Unusual 
richness which many ore deposits show at very 
shallow depths has come to be looked upon as 
due to local enrichment long after the first con- 
centration has taken place. 

Careful study of important ore bodies indi* 
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cates that after a certain depth is reached, there 
is frequently a very marked decrease in the 
amount of ore material, until finally in some 
cases the ores become tooflean to work. From 
the point of view of origin, diminution in rich- 
ness with depth is not, then, to be regarded as 
an actual depreciation in grade of the ore. The 
real status of the case is that the original depo- 
sition of the ore has in the upper zone under- 
gone a greater or less augmentation in metallic 
content since the ore bodies first began to 
form. 

As distinct processes, the rival theories of 
ascending solutions, descending solutions and 
laterally moving solutions no longer find counte- 
nance among those who have given the subject 
of ore genesis most attention, and especially 
among those who have approached the subject 
from the geological side. Ore deposition may 
take place through all three means, which may 
have equal importance. After an ore deposit 
has once formed under special geological con- 
ditions, the secondary enrichment which it may 
undergo is believed to take place largely under 
the influence of the descending solutions. 
Therefore, in the exploitation of ore bodies, 
everything goes to show how vitally important 
is a full consideration of the geological struc- 
tures presented, both at the time of the first 
concentration and as subsequently assumed. 

Under the title of ‘Enrichment of Mineral 
Veins by. Later Metallic Sulphides,’ in the re- 
cently issued Volume XI. of the Bulletin of the 
Geological Society of America, Mr. W. H. 
Weed gives the results of his investigations 
concerning the zones of maximum richness in 
ore bodies. Briefly stated, the attempt is made 
to prove: (1) that the leaching of a relatively 
lean primary ore, commonly by surface waters, 
will supply the material in solution for such en- 
richment; (2) that the unaltered sulphides, es- 
pecially pyrite, will induce precipitation, that 
the material precipitated is crystalline, and 
that a number of mineral species are commonly 
formed, and are now forming, in veins by such 
reactions ; and (3) that such minerals deposited 
in quantity may form ore bodies of considerable 
size (bonanzas), or may be disseminated through 
the lean primary ore in strings and patches, 
thus enriching the ore body as a whole and 
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even making a former low-grade body of suffi- 
cient value to work, 

It may be concluded that later enrichment 
of mineral veins is as important as the forma- 
tion of the veins themselves, particularly from 
an economic standpoint. In many cases the 
enrichment proceeds along barren fractures and 
makes bonanzas. The enrichment is usually 
due to downward-moving surface waters, leach- 
ing the upper part of the vein and precipitating 
copper, silver, etc., by reaction with the un- 
altered ore below. As a consequence of this, 
veins do not increase in richness in depths be- 
low the zone of enrichment. 

In the Transactions of the American Institute 
of Mining Engineers, Volume XXX., which is 
just being distributed, Mr. S. F. Emmons has a 
paper bearing upon this same subject of ‘ Sec- 
ondary Enrichment of Ore Deposits.’ The au- 
thor draws upon his wide experience in calling 
attention to the many cases of secondary en- 
richment. The main theme discussed is summed 
up in the opening paragraphs, when he says 
that, ‘admitting fully the general truth of the 
statement that the descending surface waters 
exert an oxidizing action, and hence that oxida- 
tion products within reach of the surface waters 
are the result of alteration by the latter, I have 
been led to believe, by observations now ex- 
tending over a considerable number of years, 
that, under favorable conditions, the oxidation 
products may be changed back again into sul- 
phides and redeposited as such, thus producing 
what may be called a sulphide enrichment of 
the original deposits. * * * Being rather a 
searcher after facts than a theorist, I am not 
deterred from accepting what may appear to me 
the correct reading of observed facts because it 
seems tocontradict generallyaccepted theories.’’ 

The same volume of the Transactions contains 
a practical application of Mr. Weed’s theory to 
Montana deposits, under the title of the ‘ En- 
richment of Gold and Silver Veins.’ Attention 
is especially called to the dependence of such 
enrichments upon the presence of iron sulphide 
in the primary ore, and to the structural fea- 
tures which control the circulation of the en- 
The pro- 
may follows. 
Leaching out of the metals from the portion of 


riching solutions below water-level. 


cess be briefly described as 
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the vein lying above ground-water level is to 
be considered as the main source of the enrich- 
ing materials. The leaching is due to superfi- 
cial alteration, and leaves the iron as a gossan, 
while the waters carrying the gold, silver. 
copper and other metals in solution trickle 
downward through the partially altered ores 
into cracks and water-courses which penetrate 
the ore body below the water-level. In weath- 
ering, the sulphides oxidize according to their 
relative affinity for oxygen and inversely as 
their affinity for sulphur. It is inferred from 
the evidence that ore bodies lacking in iron 
pyrite will not show enrichment, thus explain- 
ing the absence of any such phenomena in the 
pure silver-lead bodies of the Coeur d’Alene 
district and elsewhere. 
CHARLES R. KEYEs. 


RECENT ZOG-PALEONTOLOGY. 
VERTEBRATE PALEONTOLOGY AT THE CARNEGIE 
MUSEUM. 


DURING the past summer three parties from 
the Department of Vertebrate Paleontology of 
the Carnegie Museum have been operating in 
our western fossil fields under the direction of 
Mr. J. B. Hatcher, the Museum’s curator of 
vertebrate paleontology. One of these parties, 
in charge of Mr. O. A. Peterson, was sent 
to northwestern Nebraska to examine the 
Oligocene and Miocene deposits of that region. 
The work carried on by this party has been 
quite successful,—as might be expected from 
any party in charge of so experienced and 
skilled a collector of vertebrate fossils as is Mr. 
Peterson. Among other material secured may 
be mentioned as of especial value, skeletons 
of Hoplophoneus, Daphznus, Oreodon, Procame- 
lus and Merycocherus, all, it is believed, suffi- 
ciently perfect to admit of mounting as com- 
plete skeletons. A second party, in charge 
of Mr. C. W. Gilmore, was despatched to 
southern Wyoming to continue the work which 
has been carried on by the Museum for the past 
two years in the Jurassic deposits at Camp 
Carnegie, on Sheep Creek, in Albany Co., 
Wyoming. This party has met with the usual 
success attending the two previous expeditions 
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to this locality, and owing to the skill and 
energy of Mr. Gilmore the value of the Museum’s 
already important collections of Jurassic dino- 
saurs has been greatly enhanced. The third 
party has been in charge of Mr. W. H. Utter- 
back, who has been engaged since November 
last in reopening the old quarry near Canyon 
City, Colorado, so long worked by the late Pro- 
fessor Marsh. From this quarry Professor Marsh 
obtained much of his best material of Jurassic 
dinosaurs. The bones at this quarry are im- 
bedded in a very hard sandstone, which renders 
the work of securing them exceedingly difficult 
and tedious. Already a considerable portion 
of the skeletons of Morosaurus and Stegosaurus 
has been secured, along with other valuable 
material. Within the last month the work of 
reopening the quarries near Canyon City, which 
were operated for anumber of years by the late 
Professor Cope, has been commenced by Mr. G. 
I’, Axtell, also of the staff of this Museum. 


DISCOVERIES IN NORTHERN AFRICA, 


IN the September number of the Geological 
Magazine Dr. Chas. W. Andrews* publishes 
details of his discoveries in the Western Desert 
of Egypt which mark the beginning of a new 
epoch in mammalian paleontology. The first 
visit to beds of upper Eocene and Oligocene age 
resulted in the discovery of a Sirenian (prob- 
Eotherium), of Zeuglodon, a _ primitive 
Cetacean, and of Crocodilia, Chelonia and 
Amphibia. In later visits still more impor- 
tant fossils were secured, which Dr, Andrews 
has made the types of three new genera. 
Palzomastodon is a trilophodont proboscidean 
with five grinding teeth in the lower jaw, there- 
fore much more primitive than the oldest 
Miocene mastodons of Europe. Meritherium, 
found in older beds of supposed Upper Eocene 
age, is bilophodont and is probably correctly 
regarded by Dr. Andrews ‘as a generalized 
forerunner of the mastodon type of probos- 
cidean’; the upper and lower incisors are in 
pairs, the outer being tusk-like, as we should 
anticipate. A third, more aberrant type is 
Bradytherium ‘ which in many respects resembles 


ably 


** Extinet Egyptian Vertebrates,’ Geol. Mag., p. 
400, Sept., 1901. 
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Dinotherium, but in others reminds one of some 
of the gigantic Amblypoda of North America.’ 
The resemblance to the Amblypoda is in 
our opinion unreal because all amblypods 
have triangular teeth, whereas this animal has 
quadrate bilophodont teeth and reminds us 
truly of Dinotherium as the author suggests. 
A strong resemblance is also seen to the great 
gravigrade sloths such as Megatherium or more 
correctly to their American Eocene ancestors 
with incisors and enameled teeth such as Psit- 
tacotherium ; the depth of the jaw, the early 
wearing of the enamel, the position of the cor- 
onoid process on the outside of the lower 
molars, all tend to support this likeness. We 
shall therefore eagerly await the determination 
of the actual affinities of this animal. The 
epoch-making character of these discoveries 
consists in the promise they afford that Africa 
will prove to be the home of all those families 
of mammals such as the elephants, hippopot- 
ami, giraffes and antelopes, as well as of earlier 
types, which suddenly appeared in Europe 
without known ancestry. This would accord 
with an hypothesis independently advanced by 
Riitimeyer and Osborn that Africa was an iso- 
lated center of mammalian evolution and radi- 
ation in the early tertiary, and subsequently 
contributed great migrations of its fauna to 
Europe and America. 


NOTES ON PRIMITIVE AND FOSSIL BIRDS. 


PycRAFt’s fourth paper in his ‘ Contributions 
to the Osteology of Birds,’ * treats of the grebes 
and divers or Pygopodes. As regards the af- 
finity of the Cretaceous toothed bird Hesperornis 
to this order (rather than to the separate order 
Odontornithes) he believes with D’ Arcy Thomp- 
son that there can no longer be any doubt 
(p. 1041). The paper is supplemented by an 
excellent key to the comparative osteology of 
this group, a plan also followed in his extensive 
memoir + on the morphology and phylogeny of 
the Paloxgnathe (Ratite and Crypturi) and Neo- 
gnathe (Carinate). In this memoir the ptery]- 
ography, osteology and soft anatomy of the 
Tinamous (Crypturi) and of the various stru- 


* Proce. Zool. Soe., Londen, Dec. 19, 1901. 
t Trans. Zool. Soc., London, Dec., 1900. 
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thious forms (ostrich, rhea, dinornis, aepyor- 
nis, emeu, cassowary, kiwi or apteryx) are 
thoroughly examined and lead the author to 
unite these two groups into a new division 
Palzognathex, differing from all the remaining 
orders (Neognathex equals Carinate minus Cryp- 
turi) especially in skull structure. 

His conclusion is that the various ‘ struthious’ 
forms are widely separate in origin; the emeus 
the whole the most 
being a later 


are on 
ostriches 


cassowaries 
primitive, the true 
branch from the same stem; the moas are dis- 
tantly related to the aepyornithes; the kiwis 
The inter- 


and 


(Apteryges) are highly aberrant. 
relationships of the higher birds are not dis- 
cussed, but an appended phyletic tree represents 
Hesperornis as one of the Pygopodes and Ichthy- 
ornis as related to the Steganopodes (pelicans, 
tropic birds, cormorants, etc.). 


H. F. O. 


THE BRITISH ASSOCIATION AND THE DEATH 
OF PRESIDENT McKINLEY. 

WE reproduce the letter addressed by the 
President of the British Association for the Ad- 
vancement of Science to the United States Am- 
bassador to Great Britain and the latter’s reply : 
ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE, 


BRITISH 


BURLINGTON Houss, 
LONDON, W., Sept. 19, 1901. 

To his Excellency, The Hon. J. H. CHoatr, Am- 
bassador of the United States of America. 

Sir, The General Committee of the British Associa- 
tion for the Advancement of Science, assembled this 
year in Glasgow, desire me to express to you the horror 
with which they heard of the attack upon the late 
President of the United States, and their deep sorrow 
at his death. On the first day of the meeting in 
Glasgow the Association telegraphed to Mr. McKin- 
ley the assurance of their sympathy and of their ear- 
nest hopes for his recovery. ; 

These hopes have not been fulfilled; and it is now 
my sad duty to inform you that the tragic fate of the 
President of the United States has cast a deep shadow 


over our meeting. Together with all our fellow- 


countrymen we share in the sorrow of the great sister 
nation which you represent; and we desire, through 
you, to inform the men of science of America that 
the members of the British Association are bound to 
them not only by ties of blood, not only by the links 
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which unite all students of nature, but by the deeper 
feelings which draw together those who are partners 
in a common sorrow, aud mourn one of the leaders of 
our common race. 
I a, sir, 
Your obedient servant, 
A. W. RUcKEr, 
President, 
AMERICAN EMBASSY, 
LONDON, Sept. 23, 1901. 
Sir, 

I have received with heartfelt gratitude the kind 
expression of condolence and sympathy at the death 
of President McKinley which you have forwarded to 
me on behalf of the General Committee of the British 
Association for the Advancement of Science. 

I shall duly advise my government of its receipt, 
and it will be highly appreciated by them and by 
Mrs. McKinley. Your kind message and hundreds 
of other similar communications from all parts of the 
British Dominions, carry an assurance of national 
friendship and goodwill which will be most welcome 
to the American people. 

Yours sincerely, 
JosepH H. CHOATE. 

A. W. RUcKER, Esq., 

President. 


SCIENTIFIC NOTES AND NEWS. 


AMONG the scientific men who have expressed 
their intention of being present at the Yale bi- 
centennial exercises are Professor Simon New- 
comb and Professor Charles 8S. Minot. 


PROFESSOR BASHFORD *DEAN, of Columbia 
University, has returned from his sabbatical 
year, spent in studying the marine zoology of 
Japan, and in visiting China and the Philip- 
pines. He has sent to the American Museum 
of Natural History a fine collection of Ainu 
materials, also a series of glass sponges and of 
the Japanese long-tailed fowls. For the Zoolog- 
jcal Department of Columbia he brings back 
extensive research and exhibition collections. 

WE regret to learn that Dr. J. H. Hyslop, 
professor of logic and ethics in Columbia Uni- 
versity, is ill, and has been given leave of ab- 
sence for a sabbatical year which he will spend 
in the Adirondacks. Dr. A. L. Jones, as lec- 
turer, will take his courses. 

Proressors Mirsuru KvuHARA and Hanichi 
Muraoka, occupying respectively the chairs of 
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chemistry and physics in the Imperial Univer- 
sity of Kyoto, Japan, who have been spending 
a few weeks in this country, sailed from New 
York City, on October 8, for Europe, in continu- 
ation of their eastward trip around the world. 
They expect to reach Japan in February, in 
time to resume their duties at the beginning of 
the second half-year. 


THE Hon. Andrew D. White, United States 
Ambassador to Germany, arrived in New York 
on October 5. He will return to his post in 
Berlin shortly. 

THERE was a meeting of the students of the 
graduate school of Harvard University on 
October 3, at which Professor E. C. Pickering, 
director of Harvard College Observatory, made 
an address. 


Mr. 8. P. Jones, of Atlanta, Ga., has been 
appointed assistant State Geologist of Georgia, 
vice Dr. Thomas L. Watson, resigned. Mr. 
Jones, after five years’ work at the University 
of Georgia, practiced law a year or more, and 
then pursued a course of geological study with 
Professors Le Conte, Lawson and Merriam at 
the University of California. A year or two 
was spent in teaching, and in 1900 he refused 
an appointment on the Alabama Geological 
Survey to accept a fellowship at Vanderbilt 
University. 

Dr. ARTHUR WILLEY has resigned the post 
of curator to the museum at Demarara, to 
which he was recently appointed, and the 
place will be filled by Mr. R. Evans, of Oxford. 


THE Swiney lectures on geology, in connec- 
tion with the British Museum (Natural History), 
will this year be given by Mr. John 8, Flett. 
The subject of the course of twelve lectures is 
‘The Geological Evidences of Former Geo- 
graphical Conditions.’ The first lecture will 
be given on October 7. 


IN the death of Frederick Fraley, born on 
May 18, 1804, Philadelphia has lost one of its 
most honored citizens. Mr. Fraley was always 
ready to assist scientific work. He was one of 
the original trustees of Girard College, since 
1847 trustee of the University of Pennsylvania, 
and since 1880 president of the American 
Philosophical Society. 





SCIENCE. 


581 


Dr. A. F. W. ScHIMPER, professor of botany 
at Basle, died on September 9, at the age of 
forty-five years. 


THE London Times announces the death of 
Mr. Martin Fountain Woodward, demonstator 
in biology at the Royal College of Science, 
South Kensington. He was the younger son of 
Dr. Henry Woodward, F.R.S., keeper of the 
department of geology in the British Museum, 
and was drowned on the night of September 
15, by the capsizing of a boat on the Irish 
coast. Mr. Woodward was in temporary 
charge of the marine biological laboratory of 
the Fisheries Board for Ireland. He and his 
friend, Mr. W. Watson, F.R.S., assistant pro- 
fessor to Professor Ricker, at the Royal Col- 
lege of Science, were crossing from Innisbofin, 
when, about a mile from the shore, the boat 
was caught by a sudden squall and capsized. 
Mr. Watson and the fisherman who was with 
them reached the shore with the aid of an oar, 
but their companion was not seen again after 
the boat turned over. Mr. Woodward entered 
the Royal School of Mines and Normal College 
of Science in 1883, where he obtained the Mur- 
chison Prize and Medal. He was appointed 
demonstrator in biology in 1885 by Professor 
Huxley, and had since acted in that capacity to 
Professor Howes. He was the author of vari- 
ous papers on mollusca and on the dentition of 
mammalia. In 1898-1900 he edited an English 
edition of Korschelt and Heider’s ‘ Text-book 
of Embryology of Invertebrates.’ He was sec- 
retary of the Malacological Society of London, 
and was specially devoted to marine zoology, 
having ou several occasions dredged the British 
and French coasts. 


WE learn from Nature that the Reale Isti- 
tuto Veneto announces nine prizes for competi- 
tion in the faculties of science, letters and arts, 
for which essays have to be sent in at the close 
of the years 1901, 1902, 1903. The subjects in 
science include the projective properties of the 
two-dimensional algebraic surfaces of n-dimen- 
sional space, the geophysical and biological 
characters of the lakes of the Venetian dis- 
trict excluding the Lago di Garda, and the de- 
velopment of the respiratory apparatus of the 
pulmonate vertebrata. 
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THE estate of the late Jacob S. Rogers has 
been appraised at over $5,600,000. It will be 
remembered that the greater part of the estate 
was bequeathed to the Metropolitan Museum 
of Art. 

THE Paris Academy of Medicine will occupy 
its new building on the rue Bonaparte at the 
beginning of next year. It is reported that the 
Paris Municipal Council will secure the present 
building on the rue des Saints-Péres, for the 
Charité Hospital. 

AT the recent Buffalo meeting of the Ameri- 
Public Health Association officers were 
elected as follows: President, Dr. Henry D. 
Holton, Brattleboro, Vt.; Ist Vice-President, 
Dr. Walter Reed, U. 8S. Army; 2d Vice-Presi- 
dent, Dr. Jesus Chico, Guanajuato, Mexico, 
Treasurer, Dr. Frank W. Wright, New 
The next meeting will be held 
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and 
Haven, Conn. 
in New Orleans. 


The British Medical Journal states that the new 
Anatomical Department of the University of 
Glasgow was formally opened by Lord Lister on 
the afternoon of September 12. The depart- 
ment had for years been hampered by an un- 
suitable and insufficient accommodation, and the 
splendid new buildings now inaugurated have 
been provided through the munificence of the 
trustees of the late Mr. J. B. Thomson, the 
well known shipbuilder. The new buildings 
include an excellent laboratory and museum, 
and for this museum Professor Cleland has pre- 
sented to the university his fine collection of 
anatomical specimens. In his address, Lord 
Lister dwelt on the importance of the study of 
anatomy, and congratulated Professor Cleland 
and the university on the excellent accommoda- 
tion which was now set apart for that study. 
Amongst the others who took part in the pro- 
ceedings were Principal Story, Lord Provost 
Chisholm, Sir William Turner, and Professor 
Cleland; and after the speeches the premises 
were inspected by the company, and afternoon 
tea was served, 

THE new Pathological Laboratory of the 
University of Oxford will be opened on 
October 12. Sir William Church, Bart., presi- 
dent of the Royal College of Physicians of 
London, Dr. G. Sims Woodhead, professor of 
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pathology in the University of Cambridge, and 
others will take part in the proceedings. 


THE plans of Dr. Walter Wyman, surgeon- 
general of the U. S. marine hospital service, 
for the establishment of an institute for the 
study of yellow fever have been approved by 
the government. 


THE Brazilian government has declared that 
the City of Rio de Janeiro is infected with the 
bubonie plague. Eleven cases of bubonic 
plague and four deaths are reported from 
Naples. 

THE Fifth International Congress of Physiol- 
ogy was opened on September 17, in the physi- 
ological laboratory of the University of Turin, 
the presidency of Professor Angelo 
Mosso. Sir Michael Foster was elected honor- 
ary president. Professor Fano, Professor Fred- 
ericq, Professor Griitzner and Professor Sher- 
rington were appointed general secretaries. 
More than 200 physiologists were present, and 
186 communications were announced. A re 
ception was given by the members of the 
Academy of Medicine of Turin and an exhibi- 
tion of physiological apparatus was opened. 
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THE opening meeting of the eleventh session 
of the British Institution of Mining and Metal- 
lurgy will be held on October 17, in the rooms 
of the Geological Society, Burlington House. 
The meetings during the session will, to suit 
the convenience of the members, be held from 
5 to 7 p. m., and tea will be provided at 4.30. 
The annual dinner will be held on the same 
day. 

THE twenty-second annual congress of the 
French Geographical Society was held recently 
at Nancy, under the presidency of M. Fournier. 
There were no less than twenty-two societies 
represented, of which nineteen were local geo- 
graphical societies. The Society made a num- 
ber of recommendations, including the follow- 


ing: That a colonial exposition be held in 
Algiers; that conventional signs be univer- 
sally adopted in geographical and _ topo- 


graphical work; that the metric system be in- 
troduced in those colonies where it has not been 
adopted ; that a decimal division of the quad- 
rant of a circle be adopted; that additional 
canals be constructed in France; that certain 
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districts be reforested ; that methods be adopted 
for increasing the birthrate of France, and that 
a postal service be organized in China under 
French auspices. 

Tue biological teachers on the transport 
Thomas, who went to the Philippine Islands in 
the latter part of July, organized during the 
voyage a biological society for the investigation 
of the fauna and flora of the Islands. Mr. H. 
H. Kenagy, formerly graduate assistant in zo- 
ology, University of Nebraska, was chosen as 
the first president of the organization. 


THE British Antarctic exploration ship, Dis- 
covery, arrived at Cape Town on the 3d inst. 


THE committee on the Senn Medal call atten- 
tion to the following conditions governing the 
competition for this medal for 1902: (1) A gold 
medal of suitable design is to be conferred upon 
the member of the American Medical Associa- 
tion who shall present the best essay upon some 
surgical subject. (2) This medal will be known 
as the Nicholas Senn Prize Medal. (3) The 
award will be made under the following condi- 
tions: (a) The name of the author of each com- 
peting essay shall be enclosed in a sealed envel- 
ope bearing a suitable motto or device, the essay 
itself bearing the same motto or device. The 
title of the successful essay and the motto or 
device is to be read at the meeting at which the 
award is made, and the corresponding envelope 
to be then and there opened and the name of 
the successful author announced. (0) All suc- 
cessful essays become the property of the Asso- 
ciation. (c) The medal shall be conferred and 
honorable mention made of the two other es- 
says considered worthy of distinction, at a gen- 
eral meeting of the Association. (d) The com- 
petition is to be confined to those who at the 
time of entering the competition, as well as at 
the time of conferring the medal, shall be mem- 
bers of the American Medical Association. (e) 
The competition for the medal will be closed 
three months before the next annual meeting 
of the American Medical Association, and no 
essays will be received after March 1, 1902. 
Communications may be addressed to any mem- 
ber of the committee, consisting of the follow- 
ing: Dr. Herbert L. Burrell, 22 Newbury 
street, Boston, Mass.;. Dr. Edward Martin, 415 
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South Fifteenth street, Philadelphia, Pa.; Dr. 
Charles H. Mayo, Rochester, Minn. 

THE U. 8S. Geological Survey has issued a 
statement concernipg the value of the mineral 
products of the United States from which we 
take the following: 


1890. 


1880. | 
Metallic | | 
products. '$190,039,865 $305,735,670 $552,418, 627 


Nonmetallic 
173,279,135 312,776,503 516,690,262 


products. 
Unspecified. 6,000,000, 1,000,000 1,000,000 


_ Total. —_$360,319,000 $619,512, 173 $1,070, 108,889 








Last year the value of the mineral products 
for the first time exceeded a million dollars. 
During the past nine years the value of the 
silver mined has not increased, though there 
has been a considerable increase in the course 
of the Jast four years. During the nine years 
the value of the gold has increased from 33 to 
39 million dollars; of pig iron from 128 mil- 
lion to 129 million ; of copper from 38 million 
to 98 million, and the value of aluminum has 
increased thirteenfold. The value of bitumin- 
ous coal has increased from 117 million to 221 
million, and the value of petroleum from 30 
million to 75 million. While in the case of the 
metals the output has increased approximately 
in proportion to the value, this is not the case 
with petroleum. In 1891 the value of crude 
petroleum was about 56 cents per barrel, 
whereas in 1890 it was $1.20. 


UNIVERSITY AND EDUCATIONAL NEWS. 

By the will of the late Susan Cabot Richard- 
son, of Milton, Mass., Radcliffe College will 
ultimately receive nearly $200,000. 

SyRACUSE UNIVERSITY has received an an- 
onymous gift for the erection of a new build- 
ing to be called the Hall of Natural History. 


Ir is said that the proposed Milliken Univer- 
sity, at Decatur, Ill., will be opened next year, 
with an endowment of over $1,000,000, of 
which sum Mr. James Milliken has given over 
$500,000. Professor S. R. Taylor, recently 
president of the Kansas State Normal School, 
will be president. The institution is under the 
charge of the Cumberland Presbyterian church. 
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Mr. ANDREW CARNEGIE has given £25,000 
to the Glasgow Technical College towards the 
£50,000 necessary to complete the required 
fund, £150,000, for the improvement of that 
institution. Mr. Carnegie has also offered 
£7,500 for a library at Ilkeston. 

THE attendance at Cornell University, in- 
cluding 850 new students, is stated by Presi- 
dent Schurman, in his annual opening address, 
as about 250 in excess of that of last year, and 
as indicating the total registration for the year, 
inclusive of the medical school in New York 
and the summer school at Ithaca, as between 
3,250 and 3,500. The registration on the cam- 
, of students in regular courses, promises to 
be about 2,750. Sibley College has a total at- 
tendance of new students, in all classes and 
courses, of above 350, almost equal to the total 
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of upper classmen returning to the college, mak- 
ing the probable total registration for 1901-’02 
about 750 in all grades. The College of Civil 
Engineering has increased fifty per cent., and 
the other colleges and departments report large 
additions. The new building for the medical 
department is about half completed ; that for 
Sibley College, the great central ‘dome,’ about 
one third. 

PRESIDENT SETH Low presented his resigna- 
tion to the trustees of Columbia University on 
October 7. It was accepted with expressions of 
deep regret, and Dr. Nicholas Murray Butler, 
professor of philosophy and education, was 
made acting president. 

Dr. GeorGE H. DENNY, professor of Latin, 
has been elected president of Washington and 
Lee University to fill the vacancy caused by 
the death of William L. Wilson last October. 
Dr. Denny is not yet thirty-one years of age. 

F. H. KING, since 1888 professor of agricul- 
tural physics in the University of Wisconsin, 
has accepted the position of chief of a new di- 
vision, created in the Bureau of Soils, and goes 
to the new appointment in November next. 
The vacancy created at the University of Wis- 
consin has not yet been filled. 

Ar ‘Trinity College, Professor Flavel 5S. 
Luther, of the mathematical department, has re- 
turned from Europe and will take up his work 
after a year’s absence. Rev. Herman Lilien- 
thal has resigned as assistant in the department 
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of philosophy and Rev. Charles Harris Hayes, 
Ph.D. (Columbia, Halle and Oxford), of Port- 
land, Me., will take his classes. 


Dr. EpwiIn MEAD WILcox, M.Sc. (Ohio), 
and Ph.D. (Harvard), formerly professor in the 
Agricultural and Mechanical College of Okla- 
homa, has been appointed professor of biology 
in the Alabama Polytechnic Institute, Auburn, 
Ala., filling the vacancy caused by the resigna- 
tion of Professor F, S. Earle, who has resigned 
to accept a curatorship in the botanical depart- 
ment of Columbia University, New York. 


Dr. W. M. BLANCHARD, last year instructor 
in chemistry at the Rose Polytechnic Institute, 
has been appointed instructor in charge of the 
department of chemistry at De Pauw Univer- 
sity, in the room of Dr. P. S. Baker, whose 
death we were recently compelled to announce. 


THE following changes have been made in 
the scientific departments of the University of 
Maine; Gilbert A. Boggs, Ph.D. (Pennsy]- 
vania), has been appointed instructor in chem- 
istry ; John E. Burbank, A.M. (Harvard), tutor 
in physics; Frank H. Mitchell, B.S., tutor in 
chemistry ; H. W. Britcher, of Syracuse and 
Johns Hopkins Universities, assistant in zool- 
ogy; Louis R. Cary, B.S., assistant in biology, 
and Geo. E. Poucher, of De Pauw University, 
assistant in physics. 

Dr. ISAMBARD OWEN having definitely de- 
clined to accept the principalship of the South 
Wales and Monmouthshire University College, 
the council at a recent meeting decided 
to advertise for a successor to the late principal, 
Viriamu Jones, at a salary of £1,000 a year. 

Mr. W. J. Pope has been appointed professor 
of chemistry and head of the chemistry depart- 
ment at the new Municipal School of Tech- 
nology at Manchester. 


Dr. T. E. STANTON, professor of engineering 
at University College, Bristol, whe recently 
accepted the appointment of superintendent of 
the Engineering Department in the National 
Physical Laboratory, is succeeded in his chair 
at Bristol by Mr. R. M. Ferrier, B.Sc. (Glasgow). 


PRoFEssOR MAX WOLF, of Heidelberg, has 
received a call to the University at Gottingen 
as professor of astronomy and director of the 
observatory. 


